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Abstract 
M fkcQ ofthe deteriorating environment, waste treatment and recycKng ofwaste are the 
two strategies to soke the problem. The aim ofthis study is to test the feasibiKty ofthe 
spent mushroom con^)ost (SMC) of the oyster mushroom {Pleurotus pulmonarius) as a 
bioremediating agent. Pleurotus species are the second most popularfy world cuhivated 
mushroom The experimental resutts showed that oyster mushroom SMC made use ofan 
integrated approach, to treat or remove poUutants. It not only had the adsoiptive abiKties 
towards the recaJicitrant poUutants like dyes, metak and pesticide pentachloropheno^ but 
ako degraded and assimikted pentachlorophenol and the annnoniacal nitrogen in kadfiU 
leachate. 
jR a test with three dyes, the removal capadties for Evercion yeUow and bhie were 53 and 
37 mg of dye per gram of mass and that of Congo red was 14 mg of dye per g mass 
wduch was the best when compared with the other two sorbents, fermented straw and 
fruit bodies of the oyster mushi ooni M addition, oyster mushroom SMC removed heavy 
metals with the removal capacities in the order ofFe > Cd > Pb. The poUutant removal 
abiMes are not onfy due to adsorption but ako are carried out by the indigenous micro-
organisms. The oyster mushroom SMC caused 68% pentachlorophenol disappearance by 
biodegradation and another 25% removal by adsorption to SMC as weU as biomass. 
Furthermore, micro-orgamsms accommodated on the conq>ost can assinrikte the 
anunoniacal nitrogen and achieved 40% ammonia removal in raw kridfiU leachate with 
addition ofghicose or sugar cane waste extract. 
On the other hand, spent mushroom C0nq)0St of oyster mushroom seemed to stimukte 
the refuse decon^>osition in a laboratory-scale microcosm. Resuks showed that the 
addition ofthe SMC in refiise could promote the leaching of ammonia, orthophosphate 
and metak into the artifidal leachate. Ako, the biogas production was not inhibited. 
However, the SMC Med to promote the germination and growth oftwo common kadfiU 
grasses in contrast to reports stating that spent mushroom conq)ost is suitable for using as 
a soil conditioner or fertiHzer. 
M geaera^ the spent mushroom conq>ost of oyster mushroom has potential for 
bioremediation as its possession ofremoval abiMes on diverse poflutants, low cost and 
abundant generation as a waste product ofnmshroom industry. 
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1. Introduction 
1.1 Present situation of municipal solid wastes in Hong Kong 
Owing to the rapid development and the increasing affluence ofHong Kong society, 
the amount of solid wastes generated by the households, business and construction 
activities have been increasing rapidly. In 1994，about 24,000 tonnes of solid wastes 
were delivered to different waste facilities for disposal daily (Fig. 1.1; 
Environmental Protection Department, 1995). 
Landfill disposal and incineration are two main methods for solid waste disposal. 
There were about 700 tonnes of municipal wastes incinerated daily at the Kwai 
Chung incinerator operated by the Electrical and Mechanical Services Department. 
On the other hand, the wastes disposed at existing landfills at Tseung Kwan 0， 
Shuen Wan and Pillar Point Valley were about 20,500 tonnes per day 
(Environmental Protection Department, 1995). As incineration costs higher (Table 
1.1) and will emit a mixture of air pollutants with health hazards, e.g. particulates, 
acid gases (SOx, HC1, HJ)，nitrogen oxides fNg, 1993)，its use has gradually 
phased out. On the other hand, landfill disposal will be the key solid waste treatment 
for Hong Kong in the next two decades. Such method is also the most common in 
other countries; about 83 % of the municipal solid wastes generated in the United 
States was landfilled (Liptak, 1991). 
1.2 Landfills in Hong Kong 
Landfills have been used to dispose the solid waste in Hong Kong since the 1960s. 
There are 13 old landfills in the territory, ten of which have already been closed, and 
the remaining three will be shut down in the following years. WENT, SENT and 
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Figure 1.1. Composition of solid waste disposed of Hong Kong in 1994 
(Environmental Protection Department, 1995). 
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Table 1.1. Estimated cost of some treatments of municipal wastes fNg, 1993). 
Solid Waste treatment Estimated Cost (HK$ / tonne) 
Recycling 277 
Incineration 433 
Waste to energy 304 
Landfill 35i 
Landfill (with methane recovery ^^^ 
for electric generation) 
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WENT are the new strategic landfills located in the New Territories (Figure 1.2; 
Environmental Protection Department, 1995). They not only have taken the benefit 
of advances in landfill technology to respond to the more demanding environmental 
requirements, but also have more than double the volume of all the old landfills 
(Environmental Protection Department, 1995). Landfill gas and landfill leachate, 
which are the products of decomposition of organic wastes buried in the landfill, are 
continuously released and may cause pollution (Qasim and Chiang, 1994). 
Landfill gas is mainly composed of methane and carbon dioxide. Aiso, traces of 
impurities like nitrogen, oxygen and paraffin hydrocarbons are present (Table 1.2) 
(Homles, 1983). Figure 1.3 illustrates the processes of landfill gas formation. 
Decomposition of wastes in a landfill begins with the aerobic decomposition. The 
aerobic process quickly exhausts the free oxygen, and the facultative anaerobic 
environmental condition favours the biodegradation of complex organic materials 
into simpler organic materials and volatile acids such as carboxylic acids in a 
landfill. Also, carbon dioxide concentration continues to rise. Afterwards, the 
methanogenic bacteria utilize the acids and methane, carbon dioxide and water will 
be formed. Next to carbon dioxide, methane is responsible for about 18 % of human 
input of greenhouse gases causing greenhouse effect (Miller, 1993). Greenhouse 
effect is a natural effect that traps heat in the atmosphere near the Earth’ s surface. 
Some of the heat flowing back toward space from Earth’ s surface is absorbed by 
water, carbon dioxide, ozone, and several other gases in the atmosphere. This 
energy is then reradiated back toward the earth’ s surface. If the atmospheric 
concentrations of these greenhouse gases rise, the average temperature of the lower 
atmosphere will gradually increase (Miller, 1993). Methane in the atmosphere 
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Figure 1.2. The old and new strategic landfills in Hong Kong (Environmental 
Protection Department, 1995). 
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Table 1.2. Typical landfill gas composition and characteristics (Holmes, 
1983). 
Component Percentage (dry volume basis) 
Methane 47.5 
Carbon dioxide 47.0 
Nitrogen 3.7 
Oxygen 0.8 
Paraffin hydrocarbons 0.1 
Aromatic and cyclic hydrocarbons 0.2 
Hydrogen 0.1 
Hydrogen sulphide 0.01 
Carbon monoxide 0.1 
Trace compounds* 0.5 
Characteristic Value 
Temperature 41�C 
High heating value 476 Btu / scc 
Specific gravity 1.04 
Moisture content Saturated (trace compounds 
in moisture)^ 
* Trace compounds include sulphur dioxide, benzene, toluene, methylene 
chloride, perchlorethylene, and carbonyl sulphide in concentrations up to 
50 ppm. 
* Trace compounds include organic acids 7.06 x 10'^  ppm and ammonia 7.1 x 
10^ ppm. 
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Figure 1.3. A generalized scheme of biotransformation of organic substances in a 
landfill (Roger, 1992). 
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causes the 1.3�C higher than it would be with zero methane (Rogers and Whitman, 
1991). Also, landfill gas is an explosive gas. When the concentration of methane in 
air is in the range of 5 - 15%, then an explosion will occur if a source of ignition is 
present. Furthermore, poor growth of grasses is usually found as a result of 
displacement of oxygen by landfill gas from around the root system (Holmes, 1983). 
However, landfill gas can be used as a fuel source when the landfill site is large 
fHolmes, 1983). Complete combustion of methane will generate 890 KJ of energy 
by the following reaction (Liptrot et al, 1982): 
CH4 + 2O2 • CO2 + 2 H2O 
A ^ ( 2 9 8 K ) = - 890 KJ mol_i 
This source can probably release the pressure of energy crisis and reduce the cost of 
running a landfill disposal (Table 1.1). On the other hand, the landfill leachate, raises 
many environmentalists' concern. 
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1.2.1 Landfill leachate 
1.2.1.1 Generation 
Landfill leachate is defined as the liquid that was percolated through solid waste and 
has extracted dissolved or suspended materials from it (Figure 1.4; Qasim and 
Chiang, 1994). The liquid usually refers to precipitation (rainwater, snow). The 
solid waste in a dumping site is variable, and its chemical composition depends on 
the materials being buried into the area. When precipitation falls on the landfill site, 
some water will still percolate into the site although some will be lost through 
transpiration, evaporation and runofF. When the water holding capacity of the site is 
exceeded, some water carrying the semi-decomposable products will be leaked out 
and this is the landfill leachate. The most typical detrimental effect of leachate 
discharge into the environment is that of groundwater pollution. Through the 
underground water, pollutants or toxic compounds spread to other areas, and this is 
difficult to be remediated. 
Transpiration (T ) Precipitation(P) 
i \ 
Run-o f f {R) >r Evaporation (E) 
^ ~ � ^ ^ 
^ ^ 7 
\ Percolation / 
^ ~ \ _ ^ / ^ 
>r Leachate (L ) 
L = P - ( E ^ R + T ) 
Figure 1.4. Leachate production from landfill. 
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1.2.1.2 Quality oflandfiIl leachate 
Characterization of landfill leachate involves both the physical and chemical 
analyses. These properties determine the quality of the leachate. Characterization is 
• 
essential as it not only helps us to understand the physical and chemical properties 
of the landfill leachate from which its toxicity is evaluated but also gives extensive 
information to decide which type of treatment is the most appropriate for a 
particular landfill site. For instance, Table 1.3 shows the difference of composition 
of leachate between the new and mature landfill sites (Qasim and Chiang, 1994). It 
is found that the amounts of the biological oxygen demand (BOD) and the total 
organic carbon (TOC) of the young leachate are much higher than those of the 
mature leachate. This means that there is little biodegradable matters inside the 
mature leachate and thus implying that biological leachate treatment is not a suitable 
treatment for the mature leachate as there is not enough nutrients inside to support 
the growth of micro-organisms. As a result, the analyses of the major physical and 
chemical parameters [e.g. chemical oxygen demand (COD), nitrogen, pH, 
conductivity, phosphate, metals] are important. Actually, the quality of the landfill 
leachate is variable from landfill to landfill. Tables 1.4 and 1.5 show the chemical 
and physical properties of landfill leachates in Hong Kong and foreign countries 
(Henry et a/.,1987; Robinson and Luo, 1991; Chu et al, 1994), respectively. For 
the parameter ammoniacal nitrogen, it is found that the landfill leachate of Hong 
Kong has relatively higher content than those of foreign countries, such as Canada. 
On the other hand, the pH of landfill leachate varies with different sites (Tables 1.4 
10 
Table 1.3. The composition ofleachate from new and mature landfill (Qasim 
and Chiang, 1994). 
content, mg/L 
New landfill Mature 
Constituent* (less than 2 year) (greater than 10 year) 
Range Range 
pH 4.5-7.5 6.6-7.5 
BOD5 2000-30000 100-200 
TOC 1500-20000 80-160 
COD 3000-60000 100-500 
Total suspended solids 200-2000 100-400 
Organic nitrogen 10-800 80-120 
Ammonia nitrogen 10-800 20-40 
Nitrate 5-40 5-10 
Total phosphorus 5-100 5-10 
AUcalinity as CaCO3 300-10000 200-500 
Calcium 200-3000 100-400 
Magnesium 50-1500 50-200 
Potassium 200-1000 50-400 
Sodium 200-2500 100-200 
Total Iron 50-1200 20-100 
Chloride 200-3000 100-400 
Sulfate 50-1000 20-50 
* where BOD5, 5 days Biological oxygen demand; TOC, Total organic 
carbon content; COD, Chemical oxygen demand. 
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Table 1.4. Chemical and physical properties oflandfill leachates in Hong Kong. 
*Parameter Pillar Point Ma Yai Tong Junk Bay Gin Drinker Bay 
(Robinson and Luo, 1991) (Chu et al, 1994) 
^S 8.1-8.6 7.6-8.1 7.2-8.0 7.2-8.4 
Conductivity ND ND 8.5-12.0 2.5-11.8 
Salinity ND ND 7.2-15.1 4.0-9.5 
COD 2460-2830 642-873 489-1670 147-1590 
BOD 135-384 57-117 ND ND 
Total solids ND ND 2680-5580 920-4500 
Volatile solid ND ND 685-1580 498-1580 
Fixed solid ND ND 1770-4010 398-2923 
Kjeldahl N 2219-2860 889-1180 675-1840 137-1060 
Ammoniacal N 1190-2700 784-1156 594-1610 65-883 
Nitrate-N <0.1-2.5 <0.1-1.1 0.06-0.31 21.6-179 
Total P 10700-11700 3230-4940 2.72-14.1 0.36-3.78 
Magnesium ND ND 35-63 9-26 
Sodium 1650-2100 217-600 484-1190 132-743 
Potassium 813-1130 313-375 270-632 78-416 
Nickel ND ND 0.03-0.18 0.03-0.13 
Calcium 23-35 22.5-42.5 ND ND 
Copper ND ND <0.05 0.01-0.13 
Iron 5.5-6.6 5.1-8.5 0.67-0.23 1.01-3.45 
Zinc 0.8-2.2 0.2-1.0 0.23-2.55 0.12-0.32 
*Values are in mgy^ except pH, conductivity (mmhos/cm) and salinity (ppt). 
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Table 1.5. Chemical and physical properties oflandfill leachates in foreign countries. 
Parameter* Bassett Landfill, UK Keele Valley, Canada Brock North,Canada 
Robinson & Gronow Henry et al. Henry et aL 
(1992) (1987) (1987) 
pH ~ \ 5.8 ^ 
COD 1280 13780 3750 
BOD 102 9660 1100 
Total solids ND 12730 5280 
Volatile solid ND 6300 1350 
Fixed solid ND 6430 3930 
Kjeldahl N ND 212 42 
Ammoniacal N 969 42 36 
Nitrate-N 0.5 ND ND 
Total P 2.7 0.77 0.11 
Magnesium 159 ND ND 
Sodium 1320 ND ND 
Potassium 858 ND ND 
Nickel 0.12 1.08 0.01 
Copper 0.17 0.19 0.11 
Iron 9.8 1070 500 
Zinc 0.62 5.04 0.22 
Cadimum 0.01 0.1 0.02 
*Values are in mg/L except pH. 
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and 1.5). Some are acidic ( e.g. Keele Valley and Brock North landfill in Canada), 
some are neutral (e.g. Bassett landfill in U. K.), and some are alkali (e.g. Pillar Point 
and Ma Yai Tong landfill in Hong Kong). In fact, the quality of landfill leachate is 
determined by many factors. These include the following: 
a) Nature of the wastes dumped 
The quality of landfill leachate varies with the type of wastes buried. If a landfill is 
buried with hazardous wastes, its leachate will contain more toxic chemicals. In 
Hong Kong, the sludge/solid wastes generated in Chemical Waste Treatment Plant 
are dumped into the SENT Landfill. On the other hand, if construction wastes are 
the major wastes dumped into the landfill site, the leachate with suspended solids 
will be rich in cellulose, hemicellulose and lignin. 
b) Age ofthe fill 
Figure 1.5 shows the great variation of COD and ammoniacal-N in leachate of a 
landfill at different ages (Lo, 1996). It is because decomposition rate of organic 
matter will finally stabilize and as a result with the landfill leachate. 
c) Amount of precipitation and season 
The more amount of precipitation, the more diluted of the landfill leachate is. Figure 
1.6 shows that in some months like March and May, the COD, total P and 
ammoniacal-N amount are relatively higher in Hong Kong (Chu et al., 1994). It 
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Figure 1.5. Changes ofCOD and ammoniacal-N values along time in leachates of 
Hong Kong landfiUs (Lo, 1996). 
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d) Decomposition rate of solid wastes 
The stabilization of landfills is primarily governed by the microbial degradation 
processes developing in the landfill cells. A rapid degradation of wastes result in the 
conversion of organic carbon into gases and neutral pH condition in the waste 
which is considered beneficial for the refuse decomposition and leachate 
stabilization (Rhew and Barlaz, 1995). 
1.2.1.3 Environmental hazard ofIandfiIl Ieachate 
In recent years, many toxicological evaluation assays of landfill leachate have been 
done on organisms of different trophic levels. For instance, it was found that landfill 
leachate was highly toxic to algae. This was attributed to the high ammoniacal 
nitrogen content, high level of toxic organic compounds and dark color of the 
leachate (Cheung et aL, 1993). The inhibitory effect of ammonia can by attributed 
to the effect of the unionized form fNH3) rather than ammonium ion fNH4^). The 
stabilized landfill leachate in Hong Kong is generally slightly alkaline. This allows 
approximately 6% of total ammonium present as free ammonia at 25°C. Free 
ammonia is generally believed to act as an inhibitor of algal photosynthesis by 
causing swelling and osmotic lysis of cells (Cheung et al, 1993). Also, landfill 
leachate caused irregular size, discolouration or chlorosis of fronds in duckweed 
(Clement and Bouvet, 1993). Besides, Radi et al (1987) showed that the 
phencyclidine-induced locomotion and spleen weight were changed in mice after the 
exposure to the leachate for 65 days. Furthermore, Omura et al (1991, 1992) 
reported that the organic substances in landfill leachate were mutagenic to 
Salmonella typhimiirhim. Undoubtedly, landfill leachate is toxic and needs 
treatment as wastewater. 
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1.2.1.4 Treatment ofIandfill leachate 
In addition to the toxicity of landfill leachate preventing its direct disposal, the 
leakage of landfill leachate may pollute groundwater. Therefore, the control and 
treatment of leachate are necessary. First, the landfill must be properly lined so that 
leachate does not seep into groundwater (Appendix 7.1). Besides, the collected 
leachate must be treated. The treatment methods oflandfill leachate include: 
a) Biological treatment processes 
It involves placing a waste stream in contact with a mixed culture of micro-
organisms which thus consume the organic matters in waste stream according the 
following simplified equation: 
micro-organisms 
organic matter + nutrients new microorganisms + CO2 
• 
(pH adjustment) H2O +NH3 + energy 
The most common used biological treatment process are (Christensen et cd., 1992): 
• rotation biological contractor 
• waste stabilization pond 
• anaerobic digestion 
• activated sludge 
• aerated lagoon 
• trickling filter 
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There are some limitations on the biological treatment processes. First, it must 
provide optimum environmental conditions to the micro-organisms for enhanced 
degradation. For instance, low pH, presence of toxic elements, sub-optimum 
ambient temperature and low levels of essential nutrients will slow the nitrifying 
process of ammonia (Roger, 1992). Besides, land requirement is high, and thus this 
type of treatment process does not suit to the countries which have insufficient land. 
Finally, it cannot treat wastewater with low organic load. On the other hand, 
biological treatment processes have their own advantages. It is the most effective 
treatment for the organic matter. Moreover, energy and chemical demands are low. 
b) Physical and chemical treatment processes 
The common treatment processes are as follows (Christensen et al., 1992): 
(1) Physical treatment 
• air stripping 
• sedimentation 
• reverse osmosis 
• natural evaporation 
• filtration 
• ultrafiltration 
(2) chemical treatment 
• coagulation ( e.g. coagulation with alum and ferric chloride) 
• carbon adsorption 
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• chemical oxidation (e.g. chemical oxidants like chloride, calcium hypochlorite and 
ozone) 
• ion exchange (cation or anion exchange) 
• precipitation (e.g. lime precipitation) 
For instance, Sketten et aI. (1995) has been used physical and chemical treatment to 
remove metal in leachate. As the oxidation products of iron and manganese form 
solids which may insolubilize many of the toxic metals at neutral to alkaline pH by 
adsorption or co-precipitation, aeration and addition of base for pH adjustment 
were investigated as potential pre-treatment processes of leachate. The results 
showed that if the leachate was treated with aeration and base, more amounts of 
metals, e.g. Fe, Mg, were removed (Table 1.6). Actually, the aeration process not 
only oxidizes the metals but also removes CO2 to facilitate high pH for precipitation 
of metals. 
There are also some limitations on physical and chemical treatment processes 
(Christensen et cd., 1992). Firstly, it is only particularly useful in treating leachate 
from older landfill sites where have lower biodegradable organic materials. 
Furthermore, it needs more sophisticated design and techniques and thus costs 
more. Table 1.7 compares the operating and investment cost of precipitation, air-
stripping and denitrification by biological method. It illustrates significantly the 
lower cost by denitrification than by physical/chemical treatment (Siegrist, 1996). 
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Table 1.6. Amounts of metals removed by physical-chemical treatment 
(Sketten, et al, 1995). 
Treatment mg metals removed / L 
Ca Fe Mg Mn Zn 
Aerate, adjust to pH = 10 
post-aerate 30 min <20 920 34 52 43 
Aerate, adjust to pH = 10 
extend post-aeration: 5 hr 310 920 107 52 42 
Adjust to pH 10 without 
aeration 480 680 48 40 35 
Table 1.7 Operating and investment cost ofprecipitation, air-stripping and 
denitrification (Siegrist, 1996). 
Precipitation Stripping Denitrification 
(sFr./kg N f (sFr7kg N) (sFr./kg N) 
Chemicals “ \A 6 ^ ~ 
Operation* 2.8 2.2 1.5 一 
Investment t 5.2 7.2 一 9.5 
Product processing ~ 1 ~ 
Total 22 17 11 
#, 1 sFr=1.52 US dollar. 
*, includes electricity, control and maintenance. 
f , includes repayment and interest. 
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(c) Integrated approach 
In order to achieve the required standard for the safe disposal of leachate, the 
combination of biological and physical-chemical treatments are in most cases 
necessary (Loizidou et al., 1992). In 1993，Anagiotou and colleagues treated 
stabilized leachate by chemical and biological oxidation after a series of test (Table 
1.8): 
(1) Biological Biological 
• 
oxidation oxidation 
(2) Chemical Biological Biological 
• • 
oxidation oxidation oxidation 
(3) Biological ^ Chemical ^ Biological 
oxidation oxidation oxidation 
where biological oxidation was carried our by adding activated sludge to the 
tank of landfill leachate. Chemical oxidation was by adding perhydrol 
(H2O2, 30%, w/w). Among the treatments (1) to (3)，each biological step had 
a duration of seven days, while chemical oxidation was performed for a 
single day. Leachate was pumped from one tank to the other for treatment. 
The results showed that the performance of the treatment processes 1 and 2 
were similar. They all had about 40% COD removal, 85% BOD removal and 
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Table 1.8. Amount ofBOD, COD，NH3 removed by chemical and biological 
oxidation (Anagioton et aL, 1993). 
Treatment processes* COD BOD NH3 
removal / % 
1 42.5-46.9 87.8-97.7 98.3-96.9 
2 44.6-46.9 84.4-95.6 97.8-99.0 
3 61.8 -73.0 40.2-45.1 98.0-99.1 
* 1, continuous biological oxidation; 2，chemical oxidation~>biological 
oxidation~>biological oxidation; 3, biological oxidation~>chemical 
oxidation—biological oxidation. 
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98% NHs removal. On the other hand, COD was the most removed using 
treatment process 3, but the BOD was removed to a less extent when compared 
with the other two (Table 1.8). 
1.2.1.5 Other alternatives to control the quality oflandfiIl leachate 
Besides treatment, the quality of landfill leachate can be controlled by the 
enhancement of the biodegradation processes of the refuse. As mentioned before 
(Section 1.2.2e), rapid decomposition of the wastes can accelerate the stabilization 
of the landfill. Therefore, there are less partial decomposable products leaked out to 
the leachate. The enhancement of the biodegradation processes can be achieved by 
using the soil cover which favors degradation. In 1995, Rhew and Barlaz used lime 
stabilized sludge as landfill cover to investigate its effect on refuse decomposition. 
Lime stabilized sludge was prepared by mixing anaerobically digested sludge with 
lime in a ratio of 4.6:1 (w/w, dry weight). In his study, the shredded refuse was 
mixed with different proportions of soil to lime stabilized sludge and incubated in a 
four liter container for a certain period of time. Afterwards, the methane gas and 
leachate produced were collected and analyzed. The results (Tables 1.9，1.10 & 
1.11) showed that there was an increase in methane production after using lime 
stabilized sludge as soil cover. Also, pH, content of cellulose, hemicellulose, lignin, 
COD and metal contents in leachate decreased. These positive results indicate that 
the application of a suitable landfill cover can also improve the quality of landfill 
leachate. 
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Table 1.9. Methane production, pH, and COD content (Rhew and Barlaz, 1995). 
Reactor* Lag Time Time to Maximum Cumulative pH at Time to 
(days) maximum rate yield ''CHV end of COD 
rate "^CH4y'dry dry kg lag period decrease 
(days) kg-yr 
1 87 183 616 104 5.9 92 
2 50 67 1036 127 6.6 67 
3 50 96 1019 135 5.7 67 
4 36 75 1267 142 5.5 67 
5 51 82 933 144 6.0 67 
6 50 89 1437 142 5.9 67 
7 >273 - -- 0.03 - -
8 >273 - -- 0.08 -- --
9 92 - - 67 5.6 83 
10 43 114 1103 90 5.9 99 
11 68 114 1293 92 6.3 99 
12 68 100 1238 105 5.9 85 
*，reactors 1-3 contained 30% soil and 70% lime stabilized sludge (LSS); reactors 
4-6 contained 60% soil and 40% LSS; reactors 7-9 contained 100% soil; reactors 
10-12 contained 100% lime (CaO). 
Table 1.10. Effect oflime stabilized sludge as landfill soil cover on decomposition 
of refuse (Rhew and Barlaz, 1995). 
Reactor* Cellulose /% Hemicellulose/% Lignin/% 
Fresh refuse 38.5+0.8 8.7±0.3 28.0±2.1 
2 12.3土0.2 4.5±0.2 46.7+4.7 
3 13.5±0.2 4.8土0.2 53.0土1.0 
4 9.2±0.9 3.3土0.3 40.7±0.6 
5 10.6土1.1 4.3+0.2 40.3+0.3 
11 10.0±0.02 3.2土0.1 34.4±1.8 
12 11.4+0.5 4.5±1.2 22.4+1.3 
*: see the caption in Table 1.9. 
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Table 1.11. Effect ofIime stabilized sludge as landfill soil cover on leakage of 
metals (Rhew and Barlaz, 1995). 
Reactor* ^ ? ^ Fe Wi Zn 
7-8 0.03+0.01 0.01+0.01 296.0+168.8 0.12+0.11 1.37+1.56 
(soil) 
1-3 0.05+0.03 0.07+0.08 28.7+41.9 0.2+0.16 0.54+0.6 
4-6 0.03+0.01 0.06+0.12 15.6土15.3 0.15+0.11 0.2K0.18 
10-12 0.05+0.03 0.04+ 0.06 86.7+100.4 0.12土0.12 0.22+0.28 
*, reactors 1-3 contained 30% soil and 70% lime stabilized sludge (LSS); reactors 
4-6 contained 60% soil and 40% LSS; reactors 7-9 contained 100% soil; reactors 
10-12 contained 100% lime (CaO). 
#，in concentration of mg/L leachate. 
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1.3 Spent Mushroom Compost (SMC) 
1.3.1 Production and nature 
Large-scale commercial mushroom production began earlier this century and has 
now spread to over 80 countries around the world (Ball and Jackson, 1996). 
Mushroom cultivation involves the pure culture of spawn, composting and 
pasteurization of the substrate and careful regulation of growing conditions. Spent 
mushroom compost actually is the by product of mushroom industry after the crop 
is harvested. For instance, the spent mushroom compost (SMC) of oyster 
mushroom (Figure 1.7) is produced as follows (Figure 1.8): 
straw 88%, Lime 2%, wheat bran 10% + 






inoculate with mycelia 
of oyster mushroom 
+ 
Harvest the mushroom 
1 r 
Spent mushroom compost of oyster mushroom 
Figure 1.8. A flowchart showing the generation of spent mushroom compost 
Actually the mushroom cultivation compost varies from species to species. Some 
mushrooms are cultivated by the compost made from the cotton waste, but some 
are cultivated from that made from the sawdust. Spent mushroom compost 
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^^m 
Figure 1.7. Spent mushroom compost of oyster mushroom. 
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generally consists of 20% organic matter including cellulose, hemicellulose, lignin 
and some residual nutrients, e.g. nitrogen and phosphate (Kuo and Regan, 1992). 
Although spent mushroom compost of mushroom Agaricus bisporus (commonly 
called button mushroom; the most popularly cultivated mushroom) has been 
sterilized before utilization, 24 - 30% of microbes are relatively resistant and survive 
after the sterilization process (Kleyn and Wetzler, 1981). Also, some air-borne 
micro-organisms may drop onto the compost accidentally. Thus, the micro-
organisms in spent mushroom compost consist of bacteria, actinomycetes and other 
fiingi in addition to the mushroom species. 
1.3.2 Availability 
As mushroom is one of the most common and popular foods in the world, the 
production of the mushroom and its by-product (spent mushroom compost) are 
very large in amount. Table 1.12 shows the estimation of spent mushroom compost 
production in the European countries (EC) in 1993 (Gerrits, 1994) and China in 
1990 (Luo, 1992). In 1993，about 3 million metric tons of SMC were produced in 
12 EC countries and about 604 thousand tons produced in China. Spent mushroom 
compost of oyster mushroom is the target in this study. Actually, oyster mushroom 
is the second most popular cultivated edible mushroom just behind the button 
mushroom in 1991 (Chang, 1993). There are about 917 and 3.67 million metric tons 
of oyster mushroom and its spent compost produced in 1991 worldwide, 
respectively. These statistics indicate that there is abundant amount of spent 
mushroom compost remained after the harvest of the edible mushroom. 
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Table 1.12. The production amount of spent mushroom compost in Europe 
and China (Luo, 1992; Gerrits, 1994). 
European 
Country Mushrooms (t x 1,000) SMC ( tx 1,000) 
France 187 748 
the Netherlands 190 760 
UK 114 456 
Italy 87 348 
Spain 55 220 
Germany 60 240 
Ireland 42 168 » 
Belgium 30 120 
Denmark 8 32 
Greece 1.5 6 
Portugal 0 ^ 2 
SubTotal T j l 3,100 
China 151 604 
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1.3.3 Physical and chemical properties 
Table 1.13 lists the comparative physical and chemical properties of spent 
mushroom compost from five farms in Canada (Chong and Rinker, 1994). For the 
physical properties of the spent mushroom compost, its characteristics of high 
porosity enables it improve the texture of the soil if it is used as a soil conditioner 
(Chong and Rinker, 1994). Also it is rich in the nutrients such as nitrate and 
phosphorus. As a result, spent mushroom compost is commonly used as a soil 
conditioner and fertilizer (Gerrits, 1994). Previous studies find that spent mushroom 
compost can stimulate the growth of different plants (Chong and Rinker, 1994; 
Landschoot and NcNitt, 1994; Mather, 1994). On the other hand, there is low 
heavy metal contents in spent mushroom compost (Table 1.13; Chong and Rinker, 
1994). Besides, following mushroom harvest, spent mushroom compost is likely to 
contain not only a large and diverse group of microorganisms, but also a wide range 
of extracellular enzymes active against wheat straw (Kuo and Regan, 1992; Okeke 
etal., 1994; Ball and Jacken, 1995). 
1.3.4 The abilities of spent mushroom compost to breakdown phenolic 
compounds 
Ball and Jacken in 1995 recovered a wide range of lignocellulose-degrading 
enzymes like peroxidases, phenol oxidase and cellobiosidase from spent mushroom 
compost. Spent mushroom compost was demonstrated to have an ability to 
breakdown the phenolic compounds (Kuo and Regan, 1992, 1993). In 1994, Okeke 
and colleagues did a study on the aerobic metabolism of pentachlorophenol, a 
common pesticide, by the spent sawdust culture of mushroom Lentinida edodes 
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Table 1.13. The physical and chemical properties of spent mushroom compost from 




Bulk density (gcm_i) 0.26 0.22-0.26 
Total pore space (%) 86 84-9 
Air pore space (%) 3 9 31 -3 5 
Water pore space (%) 47 41-55 
Shrinkage (cm) 4.4 4.1-5.0 
Chemical Properties* 
pH* 8.1 8.0-8.2 
EC (dSNfi)* 6.2 4.9-8.3 
C (%) 22 19-24 
N (%) 2.1 1.7-2.6 
C:N ratio 10 9 - 1 2 � 
NHs-N 179 40-226 
NO3-N 64 14-252 
P 7 1-22 
K >999 >999 
Ca 623 465-790 
Mg 229 140-347 
SO4 >800 >800 
C1 1327 895-1825 
Na 329 244-460 
Fe 2.6 1.4-4.7 
Mn 0.5 0.2-0.9 
Zn 0.5 0.2-0.8 
Cu 0.5 0.2-1.1 
B 0.4 0.2-0.4 
* Extracts of 1 part substrate:2 parts water. 
# Except indicated, the concentration unit is m^fL. 
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(the black oak mushroom) in soil. Pentachlorophenol is the most prevalent wood 
preservative in the world. In 1985, world-wide production of PCP was 100,000 
tons (Wild et al., 1993). However, its widespread use had led to the contamination 
of various environments. Pentachlorophenol is capable of uncoupling oxidative 
phosphorylation by making cell membrane permeable to protons, resulting in 
dissipation of transmembrane pH gradients and electrical potentials (McAllister et 
al., 1996). Its toxic nature not only contributes the biocidal function but also leads 
to environmental hazards. In 1993, Wester and colleagues reported that Rhesus 
monkeys absorbed 24.4 % of 17 mg PCP / L from soil which can cause burns and 
blisters for skins. Besides, PCP is a suspected carcinogen, teratogen and is highly 
embryotoxic (Crosby, 1981). Many studies on the degradation o fPCP by bacteria 
and fungi species have been done (Kang and Stevens, 1994; Miethling and Karlson, 
1996; McCarthy et al, 1997)，and the degradation pathway was investigated. 
Generally, the biodegradation of PCP can occur by three processes: hydroxylation, 
oxygenolysis and reductive dechlorination (Figure 1.9; McAllister et al, 1996). 
Although many micro-organisms can biodegrade PCP, soils and sediments can be 
carbon-limited environments for their growth. However, spent mushroom compost 
offers a good nutrient source and attachment material for bacteria, thus providing 
the micro-organisms a better habitat and protection against predation and toxic 
effects in the soil environment. The results (Table 1.14) obtained by Okeke et al 
(1993) show that there was a significant removal of pentachlorophenol (>60% 
disappearance of pentachlorophenol for L.edodes strain LE2). Figure 1.10 shows 
the biodegradation rates of carbaryl, carfuran and aldicarb and the residues of 
pesticides by the spent mushroom compost and the activated sludge. Generally, the 
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Figure 1.9. The initial degradation pathways of pentachlorophenol (McAllister et 
al, 1996). 
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Table 1.14. Amount of pentachlorophenol removed by the spent culture of 
Lentiniila edodes (Okeke et cd,, 1994). 
Organism Residual PCP Disappearance 
(mg/kg) (%) 
Control 108.92土5.85 — 
L edodes LE2 43.01土1.35 60.5 
L edodes 866 46.47土1.13 57.3 
L. edodes R26 51.95土 3.83 44.4 
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Figure 1.10. The biodegradation rates of carbaryl, carfuran and aldicarb by spent 
mushroom compost (——)and activated sludge ( — ) (Regan, 1994). 
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spent mushroom compost performed much better than the activated sludge in the 
removal or transformation of aromatic compounds (Regan, 1994). 
1.3.5 Potential uses of spent mushroom compost 
There are wide uses of the spent mushroom compost including: as ruminant feed 
(Zhang et aL, 1995); as a primary component for constructed wetland used to 
remediate water downgraded by acid mine drainage (Lloyd et a/.，1994); as a 
stabilizing agent and re-growth medium of severely disturbed site; as a matrix for 
bioremediation of volatile organic pollutant; and as the soil conditioner and fertilizer 
for horticulture and agriculture (Chong and Rinker, 1994; Landschoot and NcNitt, 
1994; Mather, 1994). On the other hand, many have reported that the mushroom 
species on the spent mushroom compost showed potential as a biosorbent for heavy 
metals and dyes (Bumpus and Brock, 1988; Banks and Patrkinson, 1992; Dey et al., 
1995; Gabriel etaL, 1996). 
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1.4 Proposal and Experimental Plan of the project 
The aim of this project is to test the performance of spent mushroom compost of 
oyster mushroom as a bioremediating agents. To achieve this, we should first 
understand physical and chemical properties of the agent and the wastewater tested 
(landfill leachate in this study). Afterwards, the basic removal capacities and 
degradability of pollutants of spent mushroom compost was tested. Owing to the 
limitation of time and effort，there was/were one to three substances tested for each 
type of pollutants. In this study, four types of commonly found pollutants were 
used. They are: 
(1) Heavy metals 
Lead, iron and cadmium were selected for the study. Iron is one of the most 
common industrial metals. The pollution near the iron ores raises a great concern. 
The annual consumption of lead is 3 millions tons, with which 40% is used in the 
production of electrical accumulators and batteries, and 20% is used in the 
petroleum industry for the production of automobile fuel additive (Volesky and 
Holan, 1990). Undoubtedly, water effluent leaving these plants causes pollution 
unless treatment has implemented. Inorganic and organic lead (Pb]+) are a general 
metabolic poison and enzyme inhibitor (Volesky and Holan, 1990). Cadmium has 
joined lead and mercury in forming the "big three" heavy metals possessing the 
greatest potential hazard to humans and the environment. A disease known as "Itai-
Itai" in Japan is specifically associated with cadmium poisoning，resulting in 
multiple fractures arising from osteomalacia (Volesky and Holan, 1990). 
(2) Dyes 
Three azo dyes was chosen. They are Evercion yellow, Evercion Navy-HER blue 
and Congo red. Their molecular structures are in common characterized by the 
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presence of azo group (-N=N-). Azo dyes form the largest and the most versatile 
class of all dyes. These synthetic dyes not only in the textile industry, but also in 
food and cosmetic industries (Michaels and Lewis, 1985). Some azo dyes are 
reported to be genotoxic, e. g. Sudan I and Lithol Red (Chung, 1983). 
(3) Pesticide 
The removal of a commonly used pesticide pentachlorophenol (PCP) by spent 
mushroom compost was studied. Some properties of PCP is mentioned in section 
1.3.4. 
(4) Nitrogen 
Wasterwater is characterized by the high load of nitrogen and refractory organic 
compounds (Cheung et al, 1995). The ability of spent mushroom compost to 
remove ammoniacal nitrogen was examined. 
Afterwards, spent mushroom compost will be applied on the treatment of landfill 
leachate and refuse collected locally. The landfill leachate in Hong Kong has a high 
concentration of ammmonia (Robinson and Luo, 1991; Anagiotou et al., 1992; 
Loizidou etal., 1992). The possibility of using spent mushroom compost to remove 
the ammoniacal nitrogen was tested. Also, a microcosm was developed to study the 
effect of spent mushroom compost as soil cover on the refuse decomposition and 
the biogas generation. In addition, an independent experiment was carried out to 
test the toxicity if any, of the spent mushroom compost on the germination and 
growth of plants. 
With the basic studies to reveal the potential of the spent mushroom compost and 
the applied studies to see the bioremediation potential of the spent mushroom 
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compost in real and complex situation, a conclusion will be tried to make on the 
feasibility of using spent mushroom compost in environmental protection. 
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2. Materials and Methods 
2.1 Materials 
Spent mushroom compost (SMC), the solid waste material from the cultivation of 
osyter mushroom Plevrotiis piilmonaiiiis (Pl-27), was provided by Dr. S. W. Chiu. It 
consisted mainly of straw and mushroom mycelium ^Figure 2.1). After the harvest of 
fruiting bodies, it was tom into small pieces manually and air-dried. The dried spent 
mushroom compost was then stored at room temperature in a sealed plastic bag until 
further use. Its physical and chemical characteristics were examined using the methods 
mentioned in section 2.2. In the adsorption experiments, two other materials were also 
examined. They were the fruit bodies of Pleiirotiis puImonarhis and fermented straw. 
The fermented straw was prepared with the following composition: straw, 88%; lime, 
2%; wheat bran, 10% and water, 60%. The well-mixed straw was then placed in a 
plastic bag for 2 days to undergo composting. Afterwards, the fermented straw was air-
dried and stored in a clean plastic bag. The fruit bodies after harvest were freeze-dried, 
ground into powder and stored in a closely capped bottle. 
2.2 Physical and chemical analyses of pollutants 
2.2.1 pH 
The solid sample was first soaked with ultra-pure water (pH = 5.67). The pH of solid or 
liquid sample was measured using a pH electrode connected to Coming 320 Ion 
Analyser. 
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The turbidity of the liquid sample was measured by LaMotte Model 2008 portable 
turbidimeter. 
2.2.3 Salinity 
The solid sample was first soaked with ultra pure water, and its salinity was measured as 
liquid sample by an Atago hand refractometer. 
2.2.4 Electrical conductivity 
The leached soluble ions in soaked solid sample (1 g/100 ml ultra pure water; shaken at 
160 rpm for 1 hr) were determined as a liquid sample after filtration by Whatman no. 1 
filter paper with Coming Checkmate conductivity measurement system. 
2.2.5 Carbon, hydrogen and nitrogen contents 
The air-dried solid sample was first freeze-dried and ground to fine powder using a 
miller (Tecator, 1093 Cyclotec Sample Mill). Afterwards, 2.000 土 0.001 mg powder 
was weighted accurately using an analytical balance (AD-4 Autobalance, Perkin Elmer) 
and put into a CHNS/0 analyzer OPE2400，Perkin Elmer). A known standard was first 
examined to calibrate the analyzer. The CHNS/0 analyzer uses a high temperature 
970°C to convert the elements carbon, hydrogen, nitrogen, sulfur and oxygen in a 
sample into simple gases as carbon dioxide, hydrogen dioxide, nitrogen gas, sulfur 
dioxide and oxygen gas, respectively. These gases will then be measured by the thermal 
conductivity detector. All measurement was made on a weight percent basis. 
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2.2.6 Ash content 
A crucible was first heated at 100°C for 8 hrs and then weighted. 0.1000 土 0.0001 g of 
powdered solid sample was put into the crucible. The crucible with the test sample was 
put into a fumace and heated at 500�C for 3 hrs. Then the crucible was let cool to room 
temperature and the ash content was calculated as follows: 
Ash content of = weight of crucible after heating - weight of emptv crucible x 100% 
tested sample Amount of tested sample 
2.2.7 MetaI content 
Preparation procedures follow those as described by AOAC (1990). All glasswares and 
plasticwares were acid-washed. Acid-treatment was done by soaking all the glasswares 
and plasticwares in a bath of 12 N HCl overnight first. Then they were rinsed with ultra 
pure water and oven-dried before use. On the other hand, the freeze-dried and 
powdered solid sample was ashed as in section 2.2.6. After cooling, 10 drops of ultra-
pure water was added to wet the white ash. 3.0 ml of35% HNO3 was pipetted drop by 
drop into the crucible which was placed on a hot plate set at 100�C-120°C. Until there 
was no white gases emitted from the crucible, it was then put back to the fumace and 
ashed for 1 hour at 500°C. Afterwards, the crucible was let cool to room temperature 
and 10 ml of 12% HCl was added. All content in crucible was transferred to a 50 ml 
volumetric flask and ultra-pure water was added to a final volume of 50 ml. Samples 
were then filtered through Whatman no. 1 filter paper and stored in acid washed plastic 
bottles. There were 3 replicates for each sample. All samples were analyzed using a 
Hitachi Zeeman Z-8100 atomic absorption spectrophotometer. The actual metal 
concentration in the tested solution was calculated by multiplying the metal 
concentration determined from a standard curve with dilution factor, if any. 
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2.2.8 Anion content 
Bromide, sulphate and nitrate contents in a test liquid sample were determined by ion 
chromatography QDionex 500 ion chromatography system). The liquid sample was first 
filtered by the Millipore filter paper and then placed in the AS40 automated sampler. 
Each sample can be automatically loaded into the IonPac anion exchange column. A 
mixed solution of l .8 mM sodium carbonate and 1.7 mM sodium bicarbonate were used 
as the eluent solution. The eluted anions were detected by the Dionex CD20 
conductivity detector. Bromide, sulphate and nitrate standards were prepared from their 
1000 mg/L stock solutions, respectively, and run in parallel. 
2.2.9 Total carbon, inorganic carbon and organic carbon contents 
The total carbon (TC), inorganic carbon (IC) and total organic carbon (TOC) contents 
of a solid sample were prepared according to the manufacturer instructions and 
determined by the solid sample module (SHMADZU SSM-5000A) of total organic 
carbon analyzer (SHEMADZU TOC 5000A). Fifty mg of a test sample was weighted 
and put in an acid-washed sample boat. The sample boat was then put into the TC 
sample port. All the contents in the sample boat were bumt by the high temperature 
fumace (900°C) and the amount of carbon dioxide generated was measured by the non-
dispersive infrared gas analyzer. The measurement of IC was similar to that of TC 
except that: the test sample reacted with phosphoric acid at 200°C instead ofbuming to 
generate the carbon dioxide for measurement. The amount of TOC was obtained from 
the difference ofTC and IC amount. They were all presented on a weight percent basis. 
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For a liquid sample, the total carbon (TC), inorganic carbon (IC) and total organic 
carbon (TOC) contents were determined by Total Organic Carbon Analyzer ~ for liquid 
sample (SHMADZU TOC 5000A). During the TC measurement, the filtered sample 
was placed in a tumable of the autosampler. The sample was automatically brought to 
the fumace and had the combustion at 680°C. As a result, the sample would become 
carbon dioxide and detected by the non-dispersive infrared gas analyzer. The 
measurement ofIC and TOC were the same as those for a solid sample. 
2.2.10 Chemical oxygen demand 
Chemical oxygen demand was determined by titrimetric method (APAH, 1992) after 
dichromate closed reflux. About 5 ml sample or distilled water (blank) was placed in a 
digestion tube. Then 0.2 g of mercuric sulphate was added and followed by 15 ml of 
sulphuric acid reagent (1 kg H2SO4 with 5.5 g Ag2SO4) and 5 ml of 0.0417 M 
potassium dichromate. The reflux mixture was thoroughly mixed before applying heat. 
Afterwards，digestion tubes were put in a digestion block (VELP DK20) set at 150°C. 
The mixture was refluxed for 2 hours. The organic matter in a test sample was oxidized 
by boiling the mixture of chromic and sulfuric acids. After digestion, the remaining 
unreduced potassium dichromate was titrated with ferrous ammonium sulfate. The silver 
sulfate was added as catalyst to make the straight-chain aliphatic compound oxidized 
more effectively. Also, the presence of mercuric sulfate was used to avoid forming 
precipitate with silver sulfate by complexing with the halide. 
COD (mg O2/L) = A CBlank) - B (Sample) x M x 8000 
tested sample volume (ml) 
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where A = The volume of ferrous ammonium sulfate used for blank 
B 二 The volume of ferrous ammonium sulfate used for sample, and 
M = molarity of ferrous ammonium sulfate 
2.2.11 Ammoniacal nitrogen content 
The ammonia content in a test sample was measured by an autoanalyser ^Lachat 
Quickchem AE Automated Ion Analyser, dual channel system CVN 2200-100). 
Modified QuickChem no. 12-107-06-2-A was used. Filtered samples which contained 
ammonia was heated with salicylate and hypochlorite in an alkaline phosphate buffer. An 
emerald green colour was produced which was proportional to the ammonia 
concentration. The presence of Na2EDTA.2H2O prevented precipitation of metal in 
leachate. The colour was intensified by adding sodium nitroprusside. Standards, 6% 
EDTA solution, buffer, salicylate-nitropmsside colour reagent and hypochlorite reagent 
were prepared as mentioned in the appendix 7.2. A sample was diluted to different folds 
and lined up with the reagents for autosampIing. A pump system was connected, and the 
heater module was warmed up to 60°C. Sampling and processing of results were 
automatically controlled by the microprocessor of the machine. 
2.2.12 Orthophosphate content 
The orthophosphate contents in a test sample was measured by an autoanalyser ^Lachat 
Quickchem AE Automated IonAnalyser, dual channel system CfN 2200-100). 
QuickChem Method no. 10-115-01-1-A was used. Filtered sample which contained 
orthophosphate ion (P04^') was reacted with ammonium molybdate and antimony 
potassium tartrate under acidic conditions to form a complex. This complex was 
reduced with ascorbic acid to form a blue colour complex which had an absorbance at 
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880 nm. Standards, stock ammonium molybdate solution, stock antimony potassium 
tartrate solution, molybdate colour reagent, ascorbic acid reducing solution and sodium 
hydroxide-EDTA rinse were prepared as in appendix 7.3. The procedure was identical 
to 2.2.11 except the temperature of the module was set to 37°C. 
2.3 Basic studies on the removal capacity of potential pollutants by spent 
mushroom compost 
2.3.1 Removal of dyes, metals and ammonia 
For dyes and metals, all three materials mentioned in section 2.1 were first freeze-dried 
and ground to powder by miller (Tecator, 1093 Cyclotec sample mill). For ammonia, 
spent mushroom compost in 2 cm length was used. 
a. Dyes 
The dyes used in the study were Evercion yellow, Evercion Navy H-ER blue and Congo 
red (C.I. 22120; Direct Red No. 28). Their structures are shown in Appendix 7.4. The 
Evercion yellow and Navy H-ER blue were kindly provided by Miss Winnie Poon, and 
these dyes were commercially used in local dyeing factories. Congo red was purchased 
(Sigma C-6767). All dyes were used without further purification. 
b. MetaI solution 
Three metals: lead, iron and cadmium, were examined. A tested metal solution was 
prepared by diluting a commercially available metal stock (1000 ppm) with ultra pure 
water to an appropriate concentration in a volumetric flask. All glasswares and 
plasticwares were acid-washed as mentioned in Section 2.2.7. 
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c. Ammonia solution 
Ammonium chloride was dissolved in ultra pure water to serve as the pollutant solution. 
2.3.1.1 Experimental Dwign 
For dye experiment, 0.0200 - 0.1000 g of powdered sorbents was added into 1.8 ml 
eppendorf tubes and incubated with 1 ml (0.5 to 10 mg/ml) dye solution for 0.5 - 24 
hours. For metal experiment, 0.2000 - 1.0000 g of sorbents was added into 15 ml 
centrifuge tubes and incubated with 10 ml (10 to 80 ppm) metal solution for 0.5 - 24 
hours. During the studies, the eppendorf tubes or centrifuge tubes were put on a roller 
drum and shaken at 100 rpm at room temperature. For the ammonia experiment, 0.5000 
-5.000 g of spent mushroom compost was added into 250 ml conical flasks and 
incubated with 100 ml ammonia solution (100 to 1500 ppm) at 26�C at 160 rpm for 0 -
4 days. For some experiments, 2 g/L of glucose were added as a supplement. After 
incubation, the container tube was centrifuged at 13,000 rpm for 15 minutes to 
precipitate the sorbent. The residual pollutant content in supernatant was measured by 
methods to be mentioned below (Section 2.3.1.2). Unless specified, at least five replicas 
were done for each test. 
2.3.1.2 Quantitation 
The amount of dye in a solution was estimated by measuring the absorbance [in arbitrary 
unit (A.U.)] at maximum wavelength (Xmax) [410 nm for Everdon yellow, 608 nm for 
Evercion Navy H-ER blue and 497 nm for Congo red] using Milton Roy Spectronic 
3000 array double-beam UV-Visible spectrophotometer. The actual dye concentration 
remained in the tested solution was calculated by transforming the absorbance value to 
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the dye concentration using the standard curves in Figure 2.2. For metals in solution, an 
atomic absorption spectrophotometer ^iitachi, Zeeman Z-8100) was used as mentioned 
in Section 2.2.7. On the other hand, the amount of ammonia in solution was determined 
by an autoanalyser as mentioned in section 2.2.11. All results were presented graphically 
and represented in mean value with standard deviation bar. 
2.3.1.3 botherm plot 
For the removal kinetics of dyes and metals, the results were further analysed by 
isotherm plot. The presentation of the amount of solute adsorbed per unit of adsorbent 
as a function of the equilibrium concentration in bulk solution at constant temperature, is 
termed the adsorption isotherm ^Faust & Denton，1987). The shape of the adsorption 
isotherm gives qualitative information about the adsorption process and the extent of the 
surface coverage by the adsorbent. There are many isotherm models to describe the 
monolayer adsorption and the Freundlich adsorption isotherm is perhaps the most 
widely used. The Freundlich equation is expressed as: 
X 二 KCe"n 
m 
where x = the amount of solute adsorbed, m = the weight of adsorbent, (xAn = the 
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Figure 2.2. The standard curves of azo dyes used in this study. 
(A) Evercion yellow (B) Evercion Navy H-ER blue (C) Congo red. 
Data are presented in mean 土 standard deviation of three replicates 
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characteristic of the system. The Freundlich equation can be transformed and written in 
logarithmic form: 
log X = log K + 1 log Ce 
m n 
By plotting log removal capacity verus log solute equilibrium concentration of dye or 
metal solution, the extent of fittness of the sorbent on dyes or metals to the Freundlich 
adsorption model could be measured by the value of the correlation coefficient. 
2.3.1.4 Definition of terms 
Removal efficiency (RE) was defined as the ratio of amount of pollutant removed to the 
initial pollutant amount times 100%. On the other hand, removal capacity OR.C) is the 
amount of pollutant removed per unit mass of sorbent. 
Removal efficiency (%) = A (Cf- CD x 100% 
Ci 
Removal capacity (mg or ng /g) = A (Cf - CD x V 
M 
where Ci = initial concentration of pollutant 
Cf= final concentration of pollutant 
V = volume of pollutant solution 
M = mass of sorbent used 
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2.3.2 Removal of pentachlorophenol (PCP) 
100 ml of sterile minimal medium (glucose,10 g/L; NH4NO3, 0.48 g/L; KH2PO4, 0.2 
g/L; MgSO4.7H2O, 0.05 g/L; thiamine HCl, 0.1 mg/L) containing 10 mg PCP (Sigma P-
9441) was prepared by dissolving PCP in methanol first and pipetted to nutrient medium 
before autoclaving. 0.5 g of spent mushroom compost was added aseptically. The 
mixture was then incubated for 0 - 21 days at 26°C with shaking at 160 rpm. 
2.3.2.1 Extraction ofPCP 
After incubation for a certain period of time，SMC was separated from the culture 
medium by simple filtration (Whatman no.l filter paper). Both 10 ml of the filtrate and 
the residue were separated and both were extracted for PCP according to Okeke et al. 
(1993). To do the extraction, 10 ml of hexane was added and mixed vigorously to 
extract PCP. Then the extraction was repeated with another 10 ml of hexane using the 
same procedure. The two hexane extracts were pooled together and the organic solvent 
phase was concentrated by rotary evaporation at 70�C. The residue was then re-
dissolved in absolute methanol ^IPLC grade) and stored in darkness at 4°C until further 
analysis. All samples were filtered by 0.45 i^m filters (Acrodisc syringe filters 4CR 
PTFE) before analysis with capillary electrophoresis. 
2.3.2.2 Quantification ofPCP 
PCP was quantified by capillary electrophoresis ^Bio-RAD, BioFocus Capillary 
Electrophoresis Systems) using a 50 cm x 50 p,m uncoated capillary. The support buffer 
was a filtered mixture of 0.045 M sodium hydrogen orthophosphate O^aH2PO4) and 
0.015 M sodium borate 0^feB4C7) (pH =8) OForet et al., 1993). PCP was monitored at 
219 nm (The Xmax scanned by the capillary electrophoresis system). The temperatures 
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of the capillary and vial-tray were maintained at 25°C by built-in cooling recirculating 
system. The voltage during separation was 15 kV. Samples were injected by high 
pressure (20 psi). A series of PCP standards ^CPLC grade, Sigma P-1045) was 
prepared from 0.01 mg/ml to 0.2 mg/ml and used to construct a standard line for 
quantification. 
2.3.2.3 fcolation of SMC micro-organisms for removal ofPCP 
A loop ofPCP-containing culture after incubating with SMC for 20 days as mentioned 
in section 2.3.2 was streaked on the complete medium (CM) plate containing 0.5 g/L of 
MgSO4.5H2O, 0.46 g/L ofKH2PO4, 1.0 g/L ofK2HPO4, 2.0 g/L ofpeptone, 20 o/L of 
glucose, 2.0 g/L of yeast extract and 15.0 g fL of agar. The plates were incubated at 
30°C for 2 days. Isolates which grown on CM plates were picked out and sub-cultured 
onto new plates until pure single cell clones were obtained. One fungus and one 
bacterium were randomly selected out for further study. The fungal culture was 
maintained on CM plate and the bacterial culture was kept on the nutrient agar QSFA) 
plate containing peptone, 5 g/L; beef extract, 3 g/L; sodium chloride, 8 g/L and agar 
OSfo.2), 12 g/L. 
2.3.2.4 Identification 
L The fungus 
A fully grown CM agar plate was exposed to a photoperiod (12:12 light dark cycle) to 
induce conidiogenesis (production of asexual spores). The mode of asexual spore 
formation was examined and noted under phase contrast system in light microscopy 
QSFilkon microphot). Identification was by matching the characteristics with those of 
common fungi as described in Cooke (1986) & Hawksworth et al. (1995). 
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n. The bacteria 
a. Gram staining 
It was grown in NA at 30�C for 12-18 hours. Gram staining was performed according 
to Gerhardt et al (1981). Smear of the isolate was made by transferring a loopful 
culture onto a clean slide and was fixed by heat after it has been air dried. The smear 
was flooded with 1% crystal violet stain for 1 minute. It was rinsed with gentle flow of 
tap water and flooded with Gram iodine solution (0.2% I2 in 2% KI) for one minute. 
The iodine was poured off and the smear was flooded with 95% ethanol for 15-20 
seconds. The ethanol was rinsed off with gentle flow of tap water, and the smear was 
then flooded with 1% Safranin stain for two minutes. The smear was rinsed with tap 
water gently and blot dry to remove excess water and finally air-dried. The slide was 
examined at 40 x 10 magnification by a light microscope. Bacterial cells stained purple 
were Gram-positive bacteria and cells stained in red were Gram-negative bacteria 
(Gerhardt et al, 1981). 
b. Cellulose test 
To test whether the bacterial isolate possessed the cellulolytic ability, the tested isolate 
was inoculated onto carboxylmethylcellulose (the modified soluble cellulose; CMC in 
abbreviation) plate at 30°C for 2 days. The composition of CMC plate was as follows: 
0.5 g/L ofMgSO4.5H2O, 0.46 g/L ofKH2PO4, 1.0 g/L ofK2HPO4, 2.0 g/L ofpeptone, 
20 g/^ of CMC, 2.0 g/L of yeast extract and 15.0 g /L of agar. Growth, if any, after 
incubation for 3 days at 30°C was determined. 
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c. Biolog Microstation System 
The bacterial isolate was identified by Biolog GP (Biolog Cat.杜 1004) MicroPlate, an 
automated system to examine the assimilatory abilities of a bacterium towards various 
carbon sources. The procedure was done according to the manufacturer instruction 
manual. Each Biolog MicroPlate contain 96 wells, and 95 of them were prefilled with 95 
different carbon sources and fixed amount of oxidized form of tetrazolium dye. If the 
cells can utilize, i.e. oxidize, the carbon source in the well, the tetrazolium dye will be 
reduced to form purple colour. On the contrary, the well remains colourless if the cells 
cannot utilize the carbon source in the well. Before inoculation, the isolates were first 
grown on BUGM culture agar plate with BUGM medium (Biolog Universal Growth 
Medium, Biolog Cat. # 70001) for 12-18 hours at 30�C. The cells on plates were picked 
up by rolling a sterile cotton swab over the colonies. Then the swab was twirled and 
pressed against the inside surface of a test tube (25x150 mm) containing 18-20 ml sterile 
0.85 % saline to break up cell clumps and to release cells into the saline. The tube was 
gently mixed to prepare uniform suspension. Cell density was adjusted to be within the 
GP upper and lower turbidity standard OBiolog Cat. 3514) either by the addition of cells 
from cotton swab or dilution using 0.85% saline. A Biolog GP MicroPlate was then 
removed from a refrigerator and warmed to room temperature. Each well of a 
MicroPlate was carefully, precisely and promptly filled with 150 \ji\ of the bacterial cell 
suspension. The inoculated MicroPlate was incubated at 30°C. The intensity of purple 
colour in each well of MicroPlate were measured by a MicroPlate reader (Biolog 
Microstation Reader) at 590 nm after 4, 6 and 24 hours incubation. The relative change 
in absorbance reflecting relative growth (% A590nm) of each well with reference to the 
control well, which contained no carbon source, was calculated as follows: 
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Relativegrowth (%)= A' 590nm- A590nm xlOO% 
A590nm 
where 590nm is the wavelength to measure bacterial growth; 
A，590nm = absofbance in a particular well (A.U.) 
A 590nm = absoitance in control well (A.U.) 
Wells which have colour change less than 20%, the reaction in those wells were 
considered to be “negative’. Wells which have colour change between 20 and 40%, the 
reactions in those wells were considered to be “borderline’. Wells which have colour 
change more than 40%, the reactions in those wells were considered to be “positive，. 
The results were automatically recorded as -，/ and + for ‘ negative', ‘ borderline，and 
‘ positive’ into Biolog MicroLog computer program which automatically cross-
references the pattem to the library of species. An identification of the isolate was made 
when an adequate match (similarity index > 0.75 at 4 hours or > 0.5 at 6 / 24 hours) was 
found. 
2.3.2.5. PCP removal abilities 
A loop from a fully growth agar plate culture of the fungus or the bacterium was 
inoculated into 50 ml sterile minimal medium and incubated at 160 rpm for 5 and 2 days, 
respectively. Ten ml of the cultures were pipetted into 90 ml of sterile fresh minimal 
medium containing 10 mg of PCP. After 5-day incubation at 26°C at 160rpm, the 
residual PCP was extracted and assayed as in Sections 2.3.2.1 and 2.3.2.2. 
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2.4 Applied studies on removal of pollutant by spent mushroom compost 
2.4.1 Treatment ofLandfiII leachate 
2.4.1.1 Collection 
Landfill leachate samples were collected from one of the storing ponds of Shuen Wan 
Landfill ^Figure 2.3). Shuen Wan landfill is a closed municipal solid waste QMSW) 
landfill which is 50.0 ha large and with 14.3 million tonnes capacity. The leachates were 
collected in clean plastic bottles and promptly transported to the laboratory for 
immediate analysis and treatment. Unused samples were frozen at -20°C. 
2.4.1.2 Physical and chemical characteristics oflandfill leachate 
The physical and chemical properties of landfill leachate were analysed by the methods 
mentioned in Section 2.2. 
2.4.1.3 Removal of ammonia in IandflIl leachate 
The experimental design and incubation conditions of the removal of ammonia by spent 
mushroom compost was similar to the basic study as mentioned in Section 2.3.1.1. The 
amount of ammonia remained would be determined by an autoanalyser as mentioned in 
Section 2.2.11. Similarly, the amounts of total carbon, inorganic carbon and organic 
carbon were measured in parallel as in section 2.2.9. In addition, the following tests 
were performed: 
a. Effect ofindigenous micro-organisms in the landfill leachate 
The landfill leachate was first filtered with a 0.45 i^m filter fMillipore) before the 
addition of0.5 gram of spent mushroom compost. The degree of ammonia removed in 
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Figure 2.3. A tank of landfill leachate was collected from Shuen Wan Landfill. 
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contrast to unsterilized landfill leachate was monitored as mentioned above. 
b. Effect of sugar cane waste extract 
7% sugar cane waste extract was prepared by sugar cane waste residue which was 
obtained from a fruit juice shop located in Yuen Long. The sugar cane waste was then 
air-dried for a few days before use for constant moisture content. To get 7% water 
extract, 70 g of air-dried sugar cane residue were mixed with 1 litre of distilled water. 
The mixture then was shaken at 100 rpm at 40�C for 2 hours. Afterwards, the extracted 
solid residue was removed by filtration through the cheese cloths with an average pore 
size of 0.5 mm x 0.5 mm. Diluted landfill leachate (1/8 x) was used in this study. The 
treatment group of the leachate was diluted by 7% sugar cane waste extract, whereas 
the control group of leachate was diluted by ultra-pure water. 0.5 gram of spent 
mushroom compost was added in both two groups. The residual ammonia content after 
incubation was measured and compared as mentioned above. 
c. Effect of sugar cane waste residue 
In this study, the spent mushroom compost was replaced with sugar cane waste residue. 
0.5 g of sugar cane waste residue was added into the landfill leachate and incubated for 
2 days at 26°C at 160 rpm. Besides the effect oftheir mixture (0.25 g ofSMC + 0.25 g 
ofSCR) was investigated using the same procedure above-mentioned. 
2.4.2 A microcosm to examine the rate of refuse decomposition 
2.4.2.1 Experimental Design 
Refuse was collected from the central refuse collection station of the campus, The 
Chinese University ofHong Kong (Figure 2.4). The glass materials were sorted out, and 
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Figure 2.4. The central of refuse collection station in The Chinese University of Hong 
Kong. 
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the paper materials were shredded into small pieces (< 10 cm in length) manually. In this 
study, three mixtures were evaluated. Ten reactors (no. 1-10) contained solely refuse. 
Ten reactors (no. 11-20) contained 90% refuse and 10% spent mushroom compost, and 
ten reactors (no. 21-30), solely spent mushroom compost. A reactor was made of the 
plastic perspex in the dimension of 15 cm x 15 cm x 60 cm ^"igure 2.5). The reactor 
was designed with a leachate collection port near the bottom, a water inJiet and a gas-
collection port at the top. Gases generated in the reactor were collected in a durable 
beach plastic bag via the gas collection port. The thoroughly mixed solid wastes, picked 
at random, was added and compacted in the tank until it was fully packed. Afterwards, 3 
litres of distilled water were added to wet the refuse. Finally the tank was sealed with 
cover and rubber to provide an airtight environment. 
2.4.2.2 Incubation conditions 
Reactors were incubated under a 12:12 light-dark cycle at an air-conditioned room with 
temperature controlled at 26 土 2�C (Figure 2.6). Each week, 50 ml ofartificial leachate 
were collected and an equivalent volume of distilled water was replaced. 
2.4.2.3 Analytical methods and data analysis 
Physical factors such as pH, turbidity, salinity of the artificial leachate were measured as 
mentioned in Section 2.2. Also, total carbon, inorganic carbon, total organic carbon 
contents, ammonical nitrogen and phosphate contents were also measured (methods 
mentioned in 2.2). 
The gases generated including combustible gases, carbon dioxide, oxygen and hydrogen 
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Figure 2.5. A bioreactor (15cm x 15cm x 60cm) used in the study of refuse 
decomposition. 
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Figure 2.6. Bioreactors for studying decomposition of refuse are incubated with 
controlled environmental conditions (26 土 2°C with 12:12 light-dark cycle). 
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sulfide were analysed by the Omni 4000 gas detector ^NMET). The carbon dioxide 
content was tested by a syringe type gas detector OKitagawa) with a carbon dioxide 
colorimetric detection tube. 
2.4.3 Phytotoxicity 
Landfill soil was coUected from the Shuen Wan Landfill QFigure 2.7). The soil was oven-
dried at 30°C before use. Normal garden soil was used as reference. Four type of seeds 
were used in this study. They were: Brassica sp., Lolhim perenne, Axonopiis 
compressus (Carpet grass) and Cynodon dactylon 03ermuda grass). In addition to the 
two parental materials: landfill soil and SMC, two types ofmix (SMC : Landfill soil = 
1:1 and 1:5; w/w) were also tested. About 75 - 100 seeds were spread onto the solid 
substrate and incubated in a greenhouse. The Chinese University of Hong Kong. The 
number of seeds succeeded to germinate grow to > 2cm (aerial height) seedlings were 
counted. The incubation period was from one week to one month. 
2.5 Statistical analysis 
Unless specified, at least five replicates were examined for each parameter. Data were 
presented in mean 土 standard deviation. Analysis of Variance (ANOVA) was used to 
detect any significant difference among the treatment and the control. If there was 
significant difference among the groups, ranking of the groups was performed with the 
student-Newman-Keuls test. Both statistical programmes were provided in SigmaPlot 
(Version 1.0) software package. 
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3.1. Characterization of spent mushroom compost and landfill leachate 
Table 3.1 summarizes the basic features of the spent mushroom compost used in 
this study. The pH of spent mushroom compost was in the range of7-8. It consisted 
of 20 percents of organic matter. For the macro-nutrients such as calcium, sodium 
and potassium, spent mushroom compost contained a quite high values in terms of 
tens (mgy'g). However, spent mushroom compost had nil to trace amounts of heavy 
metals except iron and manganese. 
Table 3.2 summarizes the physical and chemical properties of the landfill leachate. 
The pH of landfill leachate was slightly alkaline. It had high ammonical nitrogen 
(>1100 mg/L) and high levels of organic load (COD>1000 mg/L). Concentrations 
ofphosphorus, sulphate, nitrate, bromide and heavy metals were low. 
3.2. Removal capacities of spent mushroom compost 
3.2.1 Biosorption of dyes 
The fruit bodies, fermented straw and spent mushroom compost of Pleurotus 
piilmonarhis (Pl-27) were tested as biosorbents. It was found that they all showed 
removal abilities towards yellow, blue and red dyes (Figures 3.1 to 3.3) but each 
sorbent showed specificity. 
3.2.1.1 Yellow dye 
For yellow dye, the mushroom seemed to perform better than the other two 
sorbents (Figure 3.1A). It had greater than 90% removal efficiency on the 
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Table 3.1. Physical and Chemical characteristics of the spent mushroom compost 
used in this study. 
^ 7^ 
Ash content, % 72.92 土 0.09 
Salinity, g/lOOg* 0.1 
Conductivity, ^s* 830 土 1 
Carbon, % 23 .6±0.9 
Hydrogen, % 4.06 土 0.23 
Nitrogen, % 5.99土3.29 
Ca, mg/g 30.13土5.83 
Na,mg/g 1 . 3 2 土 0 . 2 8 
K, mg/g 4.47 土 0.58 
Mn, mg/g 2.20 土 0.45 
Ni，mg/g Nil 
Zn，iig/g 8.4 土 8.3 
Fe,mg/g 2.34 士 0.64 
Cr,mg/g Nil 
Cd,mg/g Nil 
Orthophosphate. mg/g* 0.652 ± 0.031 
* Extract of lg substrate: 100 ml ultra pure water. 
Data are presented in mean 土 standard deviation of three replicates. 
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Table 3.2. Physical and chemical characteristic of the collected landfill leachate from 
Shuen Wan Landfill. 
i ^ 7.5-8.5 
Salinity,g/lOOg 1 . 0 5 土 0 . 0 5 
Turbidity, NTU 14.95土10.45 
Total Carbon, mg/L 1744.2 土 122.3 
Inorganic Carbon, mg/L 1467.0 士 81.9 
Total Organic Carbon, mg/L 277.0 土 44.9 
Ca,mgyTL 4 . 0 2 土 2 . 6 8 
Na, mg/L 1550 ± 5 0 
K,mg/L 741±6 
Mg, mg/L 80.5 土 25.5 
Ni, mg/L Nil 
Zn，mg/L Nil 
Fe, mg/L 4.67 士 0.02 
Cr, mg/L Nil 
Pb, mg/L Nil 
Cd, mg/L Nil 
Ammonia, mg/L 1150.5 土 97.4 
Orthophosphate, mg/L 4.567 土 0.120 
Nitrate, mgO. 1.030 土 0 . 0 0 2 
Sulphate, mg/L 11.49土1.79 
Bromide, mg/L 5.283 土 0 . 5 0 0 
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Figure 3.1. The adsorption kinetics of Evercion yellow by three sorbents 
as affected by (A) Biomass, (B) Incubation time and (C) Dye concentration 
Data and bar represent the mean and standard deviation of five replicates. 
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concentration. Data and bar represent the mean and standard deviation 




g _ ^ ^ * = = « • 
I 8。 J^ ：^：^ ^^ =^  
I � r ^ 
V j ^ 
0 m^ 1 1 1 1 1 1 1 1 1 1 




g s o . y ^ ： ^ ^ ^ ^ ^ ^ ^ — ^ 
v ¥ ^ ^ 
15 40- F > 
o 
E S 20-
0 • 1 1 1 1 1 1 
0 4 8 12 16 20 24 
Incubation time (hours) 
(C) 
5 二 ““ ^ ^ ^ ^ ^ ^ ^ ^ ^ ‘ ^ 
1 \l'-- ^ ^ ^ ^ ^ ^ ^ ^ ^ " ^ ^ ^ ^ 
? u ^ ^ ^ ^ ^ 
n^  0 mr""^ I 1 1 1 1 1 1 1 1 1 
0 1 2 3 4 5 6 7 8 9 10 
Dye concentration (mg/ml) 
• spent mushroom compost • mushroom • fermented straw 
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yellow dye when only 0.04 g ofbiomass was used (Figure 3.1 A). On the contrary, 
the fermented straw could only give about 60 percent removal at maximum by 0.08 
g biomass whereas the spent mushroom compost gave less than 70% removal when 
0.1 g of biomass was used. For the effect of incubation time, it was noted that the 
mushroom showed greatest adsorptive ability towards dyes at the first hour (Figure 
3.1 B). However, both spent mushroom compost and fermented straw had a 
significantly increase in removal ability on yellow dye when the incubation time was 
increased from 4 hours to 24 hours. At the first 4 hours both sorbents showed 
similar removal capacities with fermented straw performed the best at the end of the 
test. On the other hand, all the three sorbents decreased their removal capacities on 
yellow dye when the dye concentration was greater than 2 mg/ml (Figure 3.1 
C).The highest removal capacity by mushroom on yellow dye was 62 mgy'g and the 
one by fermented straw and spent mushroom compost were similar at 53 mg/g. 
3.2.1.2Blue dye 
For blue dye, the removal efficiency by all the three sorbents increased with the 
increasing weight of the sorbent (Figure 3.2 A). Mushroom performed still the best 
as those in yellow dye (Figure 3.1 A). In this experiment, mushroom had about 90 
percent removal efficiency towards blue dye in maximum while spent mushroom 
compost and fermented straw could attain about 68 and 65 percent removal 
efficiencies only. For the effect of incubation time, the mushroom reached the 
highest adsorptive ability towards blue dyes at the initial two hours (about 50% 
removal). Although the removal efficiency was still increased as time passed, the 
difference was not significant (Figure 3.2 B). However, the effect of incubation time 
on the blue dye removal by the spent mushroom compost and fermented straw were 
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quite different. There was a drastic increase in removal efficiency when incubation 
time of dye solution increased from 4 hours to 24 hours. The removal efficiency by 
fermented straw could reach about 80%. On the other hand, when the dye 
concentration was increased, the removal capacity of three sorbents to blue dye 
increased, too (Figure 3.2 C). The highest removal capacity obtained was 55.4 mg/g 
by mushroom and about 37 mg/g by both spent mushroom compost and fermented 
straw. It was found that there was no significant difference on the removal 
performance of fermented straw and spent mushroom compost. 
3.2.1.3 Congo red 
The results of red dye removal by the three sorbents were quite different (Figure 
3.3) when compared with those of yellow and blue dyes (Figures 3.1 and 3.2). 
Mushroom performed the worst this time; only about 80% removal efficiency could 
be obtained (Figure 3.3 A). Nevertheless, the removal efficiencies reached 90 and 
93% when spent mushroom compost and fermented straw were used as 
biosorbents, respectively. For the efFect of incubation time, both spent mushroom 
compost and mushroom could get the highest removal efficiency within 4 hours. 
But for fermented straw, the lOnger the incubation time was, the greater the 
removal efficiency was (Figure 3.3 B). For the efFect of dye concentration, the 
removal capacities of mushroom and spent mushroom compost still increased with 
the increasing dye amount. In this experiment, the highest removal capacities of 
mushroom and spent mushroom compost were about 14 and 18 mg/g, respectively. 
On the contrary, the removal capacity of fermented straw levelled off and reached 
the maximum at 7 mg/g when the dye amount was 5 mg/ml (Figure 3.3 C). 
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3.2.1.4 Adsorption isotherm 
For yellow dye, only mushroom showed a linear plot by the Freundlich equation 
whereas the other two sorbents were represented by the complex polynominal 
equations (Figure 3.4 and Table 3.3). On the other hand, all three sorbents fitted the 
logarithmic form of the Freundlich equation for the removal ofblue dye (Table 3.3 
B and Figure 3.4 B). For Congo red, all three sorbents did not fit this monolayer 
isotherm model and are represented by complex polynominal equations (Table 3.3). 
3.2.2 Biosorption of metals 
From the results (Figures 3.5 to 3.7)，the performance of the three sorbents: namely 
the fruit bodies of Plevrotus pulmonarhis strain Pl-27, fermented straw and spent 
mushroom compost showed different removal abilities towards the three heavy 
metals tested. 
3.2.2.1 Lead 
For the biosorption of lead, the removal efficiencies by three sorbents increased to 
their maxima at 0.2 to 0.6 g of sorbent (Figures 3.5 A). Fermented straw performed 
the best. It had about 93% removal efficiency when using 1.0 g of biomass. The 
performance of spent mushroom compost was quite well too. It had about 90 
percent removal efficiency when 0.6 g of biomass was used (Figure 3.5 A). 
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Figure 3.4. Adsorption isotherm plots towards three dyes by the three 
sorbents '(A) Evercion yellow {B) Evercion Navy H-ER blue (C) Congo red. 
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Table 3.3. The equations of the best fit describe the adsorption isotherm of dyes by 
the three sorbents. 
(A) Evercion yellow 
Sorbent | Equation of best fit | R^ value 
Mushroom y=0.432x-1.9819 0.957 
Fermented straw y=17.836x^ - 4.009x^ + 2.3333x^ + 1 
4.3213x-2.2919 
Spent mushroom y=16.834x^ - 23.043x^ + 2.2258x^ + 1 
compost 4 .1844x-2.2465 
(B) Evercion Navy H-ER blue 
Sorbent | Equation of best fit | R? value — 
Mushroom y=0.6004x-1.8424 0.9953 
Fermented straw y=0.6837x-2.1106 0.9789 
Spent mushroom y=0.6729x-2.1052 0.9736 
compost 
(C) Congo red 
Sorbent | Equation of best fit | R^ value 
Mushroom y=12.194x-16.335x^+ 1.4695x'+ ~~~ 1 
3.0548x- 1.9136 
Fermented straw y=17.836x^ - 24.009x^ + 2.3333x^ + 1 
4.3213x-2.2919 
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Figure 3.5. The adsorption kinetics of Lead by three sorbents as affected 
by (A) Biomass, (B) Incubation time and (C) Metal concentration. 
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Figure 3.7. The adsorption kinetics of Cadmium by three sorbents as 
affected by (A) Biomass, (B) Incubation time and (C) Metal concentration. 
Data and bar represent the mean and standard deviation of five replicates. 
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However, when the biomass used was larger than 0.6 g, the removal efficiency 
dropped and only had about 50 % removal efficiency (Figure 3.5 A). On the other 
hand, the mushroom had the greatest adsorptive ability towards lead when the dry 
weight was equal to 0.8 g (Figure 3.5 A). For the effect of incubation time, all the 
three sorbents showed their greatest adsorptive abilities on lead at the initial first 
hour. As the time passed, the removal efficiency on lead by the three sorbents 
decreased (Figure 3.5 B). For the effect of metal concentration, the removal 
capacity of three sorbents increased as the dye concentration increased. The 
greatest capacity obtained by fermented straw was 1113 ^g/g, and those for spent 
mushroom compost and mushroom were 676 and 710 ^ig/g, respectively (Figure 
3.5 C). 
3.2.2.2 Iron 
For the effect of biomass, mushroom and fermented straw showed the greatest 
removal efficiency at 0.2 g of dry mass and then dropped (Figure 3.6 A). Fermented 
straw got the maximum removal efficiency of 90% among the sorbents. The 
removal efficiency of iron by mushroom dropped to zero when the biomass was 
increased to 0.6 g. For spent mushroom compost, the removal efficiency reached 
the greatest value (about 56 %) when using 0.4 g biomass. Increasing the amount of 
spent mushroom compost did not improve the removal efficiency (Figure 3.6 A). 
For the effect of incubation time, the three sorbents had the greatest removal 
efficiency in a short time (< 4 hours) (Figure 3.6 B). Figure 3.6 C indicates the 
removal capacities of iron by three sorbents increasing with the increased of metal 
concentration. Fermented straw still performed the best on the biosorption of iron. 
From the results, the greatest removal capacity of fermented straw got was 3475 
81 
^ig/g whereas the greatest removal capacities of spent mushroom compost and 
mushroom were 2423 and 2434 i^gy^ g, respectively. More iron was removed than 
lead when the same sorbent was used (Figures 3.5 and 3.6 ). 
3.2.2.3 Cadmium 
The three sorbents performed similarly when the mass of sorbent (Figure 3.7 A) and 
incubation time (Figure 3.7 B) were the variable parameters. In the former, all three 
showed an increasing trend and then levelled at 0.4 g. The order of increasing 
removal efficiency was as follows: mushroom, spent mushroom compost and then 
fermented straw whose maximum (Figure 3.7 B) removal efficiency was 80 %. 
Within four hours, the adsorption efficiencies of the three sorbents reached maxima. 
Fermented straw showed the greatest removal capacity of 2305 ^ig/g at 60 ppm of 
cadmium among three sorbents (Figure 3.7 C). 
3.2.2.4 Adsorption isotherm 
For lead, all three sorbents fitted the logarithmic form of Freundlich equation 
describing monolayer model of adsorption kinetics (Figure 3.8 and Table 3.4). 
However, the adsorption of cadmium by the three sorbents could not be represented 
by the simple logarithmic form of Freundlich equation. Their sorption kinetics are 
described by complex polynominal equations (Table 3.4). For the adsorption of 
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Table 3.4. The equations ofbest fit describe the adsorption isotherm of metals by 
the three sorbents. 
(A) Lead 
Sorbent | Equation of best fit | R^ value 
Mushroom y = 0.7328x + 1.4744 0.9896 
Fermented straw y = 0.9626x + 1.263 0.9835 
Spent musrhoom y = 0.751x + 1.4228 0.9963 
compost 
OB) Iron 
Sorbent | Equation of best fit | R^ value 
Mushroom y = -1.2394x^+ 5.2404x - 2.0596 0.9877 
Fermented straw y = 1.5127x + 0.7314 0.9857 
Spent mushroom compost y = -2.4845x^ + 8.9541x -4.7131 0.9818 
(C) Cadmium 
Sorbent | Equation of best fit | R^ value 
Mushroom y = -1.547x^ + 5.6969x - 2.0166 0.9989 
Fermented straw y = -2.0572x^ + 7.1955x -2.9584 0.984 
Spent mushroom compost y = -1.2894x^ + 4.6577x -1.0754 0.838 
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3.2.3 Removal of ammonia 
3.2.3.1 Basic study 
The amount ofbiomass used in treatment process should not be too many. 0.5 gram 
of biomass was the most suitable for 100 ppm ammonia solution (Figure 3.9 A). 
Besides, Figure 3.9 B shows that the ammonia removal efficiency was the highest 
(about 75%) when the incubation time was 2 days and diluted ammonia solution 
(100 ppm) was used. Glucose was an important supplement during the removal of 
ammonia. When 100 ppm ammonia was tested, it improved the removal efficiency 
from 5 to 55 % (Figure 3.9 C). In addition, it was found that spent mushroom 
compost could not treat too concentrated ammoniacal solution. It performed the 
best when the ammonia concentration was equal to 100 ppm (Table 3.5). 
Furthermore, spontaneous loss of ammonia occurred as it was volatile. 
3.2.3.2 Applied removal of ammonia from landfill leachate 
3.2.3.2.1 Effect ofindigenous micro-organism in landfill leachate 
It was found that the removal efficiency on ammonia would be increased if the 
micro-organisms in landfill leachate were first removed by filtration before adding of 
spent mushroom compost (Figure 3.10). The micro-organisms in landfill leachate 
had an inhibition effect on the removal of ammonia. 
3.2.3.2.2 EfFect of spent mushroom compost and glucose 
Glucose as a supplement showed only a little beneficial efFect on ammonia removal 
(efficiency: < 1 %) with different concentrations of landfill leachate (Figure 3.11). 
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Figure 3.9.The effects of (A) Biomass, (B) Incubation time and (C) Glucose 
as a supplement on the removal of ammonia by spent mushroom compost. 
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Table 3.5.The effect of ammonia concentrartion on the removal ability 
of spent mushroom compost after 2 day incubation 
Ammonia (mg/L) 
Initial Residual# Dilution factor 
Treatment r m 2 . 7 4 + o . 2 8 ;|o 
Treatment ^ 4 . 0 3 + 0 . 3 i 5 0 “ 
Treatment v m io . 9 + o . 3 6 252 
Treatment 1 7 0 0 i 6 . 6 + o . 4 3 ioo 
Treatment: Spent musrhoom compost was added 
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Figure 3.11. The effect ofspent mushroom compost and glucose on 
ammonia removal in dfferent concentrations of landfill leachate. 
+: supplement SMC, 0.5 gm spent mushroom compost; glu, 2 g/L glucose 
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original landfill leachate was used. The presence of both supplements further 
showed an enhancing effect on removal of ammonia, reaching the maximum of 50% 
removal efficiency. However, as the landfill leachate was less diluted, the removal 
efficiency was reduced, too. This indicates the toxicity of landfill leachate towards 
microbes present in SMC. 
3.2.3.2.3 Effect of sugar cane waste extract 
Complete removal of ammonia by spent mushroom compost was obtained when 7% 
sugar cane waste extract instead of ultra pure water with glucose was used to treat 
the diluted landfill leachate (Figure 3.12). A control, which using ultra pure water 
with the equivalent amount of glucose content (7.6 g/L), was done in parallel for 
comparison. It was found that the performance of this control was as good as the 
one using sugar cane waste extract (RE > 90 %) (Figure 3.12). 
3.2.3.2.4 Effect of sugar cane waste residue and concentration of glucose 
Instead of spent mushroom compost, sugar cane waste residues were added at the 
equivalent amount into landfill leachate (Figure 3.12). There was only < 5 % of 
ammonia being removed. There was only a slight improvement when using a 
mixture of spent mushroom compost and sugar cane waste residue for treatment 
(RE-13%). On the other hand, the increase of glucose concentration did not 
improve the removal efficiency of spent mushroom compost on ammonia ( � 4 0 %) 
in raw leachate (Figure 3.13). 
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Figure 3.12. Effect of sugar cane waste extract as diluent on the removal 
of ammonia in diluted (1/8) landfill leachate by spent mushroom compost. 
+: supplement SMC, 0.5 gm spent mushroom compost; glu, 7.639 g/L 
glucose; SCW, 7% sugar cane waste extract. 
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on the removal of ammonia in landfill leachate by spent mushroom 
compost'+: supplement SMC, spent mushroom compost; SCR, 
sugar cane waste residue. 
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3.2.4 Pentachlorophenol 
3.2.4.1 Removal of spent mushroom compost 
The migration time of pentachlorophenol is at ten minutes under the specified 
conditions mentioned in section 2.3.2.2 (Figure 3.14 and 3.15). In the study, it was 
found that pentachlorophenol was very stable during the 14 days incubation when 
no spent mushroom compost was added (Figure 3.15). On the other hand, Figure 
3.16 shows the removal pattern of 100 ppm pentachlorophenol by spent mushroom 
compost. There were two mechanisms: adsorption and an active enzymatic system. 
Spent mushroom compost not only adsorbed PCP in first two days ( � 3 mg), the 
amount ofPCP in the culture medium dropped continuously and levelled off when 
the incubation time was 4 days (Figure 3.17). Spent mushroom compost could 
remove about 80 % PCP in total (Figure 3.17A). When the incubation time 
increased, the amount ofPCP adsorbed on spent mushroom compost will further be 
removed and about < 10 % PCP was left in culture (Figure 3.17B). 
3.2.4.2 Identification of the selected Pentachlorophenol degrading micro-organisms 
1. The fungal organisms 
Figure 3.18A shows the colony morphology of the selected fungal organism. There 
are some green patches with scarce, hyaline mycelia on the CM plate. The green 
patches were the conidia and conidiophore (Figure 3.19A) when it was examined 
under the light microscope. The selected fungal organism was identified as 
Trichoderma species following the key as listed below: Cooke (1986), Hawksworth 
et al. (1995), Domsch et al (1980), Carlile and Watkinson (1995) and Haran et al 
(1995). 
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Figure 3.15. Stability of pentachlorophenol in 14-day period as resolved by capillary 
electrophoresis system (A) Initial = day 0 (B) Final = day 14. 
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Figure 3.19. The microscopic details of two micro-organisms of spent mushroom 
compost. (A) A fungus with conidiophores bearing conidia. (B) A rod-shaped 
bacterium. 
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Motile cell absent 
i 
Sexual reproduction absent ^ 
Conidia blastic (characterized by a marked 
enlargement of a recognizable 
�f conidial initial) 
Growth of primarily mycelial 
i 
Presence ofPhialidic conidiogenesis (each conidium 
originates by the laying down of new wall material) 
11. Bacteria 
a. Colony morphology 
Figure 3.18B showed the colony morphology of selected bacterial isolate plate. The 
colony was yellow in colour, convex and with wavy margin. When it was examined 
under the light microscope, it was rod shape and formed a short filament by 2-3 
cells (Figure3.19B). 
b. Gram staining 
The dominant bacterial isolate grown in the PCP-containing solution was found to 
be Gram-positive. It was then identified by Biolog GP MicorPlate. 
c. Cellulose test 
The selected bacterial isolate was able to grow on the cellulose plate. Figure 3.18 
shows the colony morphology of the bacterial isolate on carboxylmethylcellulose 
(CMC) plate. Its colony morphology was similar to that on NA plate. 
d. Biolog GP MicroPlate 
The bacterium was highly likely a strain of Cellulomonas celhdam (Table 3.6). As 
it was able to utilize cellulose as sole carbon source, it was identified as 
Celliilomonas cellulam according to Murray et al (1989). 
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Table 3.6. Identification of the bacterium in the spent mushroom compost by Biolog 
GP Microplate after 4-hour incubation. 
Closest Species Similarity* 
Cellulomonas cellulans 0.618 
Cellulomonas hominis 0.040 
Staphylococcus lentus 0.027 
Staphylococcus intermedius 0.003 
* Similarity is the product of probabiHties for each of the matches ofweUs 
conq>aring with the data base. This index expresses the reUabiHty and confidence 
ofthe identification. 
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3.2.4.3 Pentachlorophenol-degrading abilities of the two spent mushroom compost 
micro-organisms 
There was no significant drop of PCP content when using the bacterial isolate or 
Trichoderma sp. (Figure 3.20). However, Trichoderma could remove a little 
amount ofPCP (~1 mg) by means of adsorption. 
3.2.5 A microcosm to examine the rate of refuse decomposition 
3.2.5.1 pH 
Generally, the initial pH of all artificial leachate was slightly acidic (Figure 3.21). 
Their pHs remained the same or increased as time passed. The final pH range of 
reftise was from 3.31 to 6.33，whereas these for the refuse : SMC mixture and pure 
SMC were 4.48 to 6.09 and 4.40 to 6.13，respectively (Figure 3.21). In general, the 
variation of pH in SMC was lower than that of refuse. This indicates that the 
addition of SMC into refuse could damp down the variation in pH. 
3.2.5.2 Salinity 
The range of the final salinity of artificial leachate from solely refuse was 0.6 to 1.5 
g /100 g. These values were much smaller than that of SMC (2.0 - 5.5 g / 100 g) 
(Figure 3.22). This indicates that there was a leakage of chloride ions from the 
SMC to artificial leachate. Furthermore, the amount of salinity increase in refuse : 
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Turbidity generally measures the amount of fine particles suspended in the tested 
water and these particles cause light to scatter rather than travelling in a straight line 
through the water. As a result, the turbidity values of artificial leachate could tell us 
how fast of breakdown matters releasing suspended solids in leachate. From the 
results (Figure 3.23), it was found that the turbidity value increased significantly 
after the addition of SMC (At the week 1: refuse, 16 - 48 NTU; mixture, 18 - 99 
NTU; SMC, 25-60), reflecting the increased breakdown of matters and release of 
the resultant suspended solids in the artificial leachate. In refuse, the turbidity 
seemed to increase and differed more among the tanks than the initial. However, the 
turbidity values of SMC decreased along incubation and reached the minimum at 
the end of experiment. 
3.2.5.4 Ammonia content 
The concentration of ammonia in artificial leachate of refuse was less than 13 ppm 
except for tank 10 ( � 6 0 ppm) (Figure 3.24). On the contrary, the ammonia 
contents of the artificial leachate generated from the refuse : SMC mixture and 
SMC were much larger than that of refuse. There were about 25.8 - 89.2 and 152.5 
- 3 3 9 . 8 ppm of ammonia in mixture and SMC, respectively. Generally, SMC 
released more ammonia to the artificial leachate. In addition, there was a lag phase 
in the first three weeks and the increase of ammonia leveled off at week six in the 
tanks of SMC (Figure 3.24C). There was no similar pattern for refuse and mixture. 
Stability of the ammonia content in artificial leachate at week 6 to 8 was only seen 
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has increased the rate of decomposition and to a stage of stable leachate quality 
generation although the final ammonia contents among the tanks could be divided 
into two groups. 
3.2.5.5 Orthophosphate content 
The results showed that the presence of SMC caused the leaching of 
orthophosphate (Figure 3.25). The final orthophosphate content in tanks of SMC 
and mixture ranged from 155 to 377 and 7 to 83 ppm, respectively, whereas those 
for tanks of refuse ranged from 0 to 11 ppm. Actually, the refuse contained the least 
amount of orthophosphate in artificial leachate. 
3.2.5.6 Organic carbon, inorganic carbon and total carbon 
The results (Figure 3.26 and 3.27) showed that there were a large amount of 
organic carbon leaked into the artificial leachate of SMC (>14000 ppm). On the 
other hand，the addition of SMC into the refuse could enhance the leakage of 
organic carbon. However, the amount of inorganic carbon leaked into artificial 
leachate in SMC tanks are least and approach to zero along the incubation (Figure 
3.28C). 
3.2.5.7Metal content 
Table 3.7 shows that the addition of SMC promotes the leaching of metals 
(calcium, magnesium, iron and potassium) except sodium. The standard deviation of 
metal content in refuse was the greatest, which reflected the heterogeneity of refuse 
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change of artificial leachate of (A) solid waste; (B) solid waste-SMC mixture; 
(C) SMC. 
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Table 3.7. Effect of spent mushroom compost on the metal content 
of solid waste; solid waste-SMC mixture and SMC. 
Metal Content (ppm) 
Pure solid waste Solid waste-SMC mixture SMC 
Mg 44.5土27.7 - 208.0土40.3 772.0土222.2 
Fe 5.4 + 5.4 8.8 + 3.4 54.1 ±31.1 
Ca 599.7 土 292.6 638.3 + 90.2 496.1 土 142.2 
Na 676.0 + 375.3 486.0 + 90.9 233.5 + 24.7 
K 287.7 + 234.9 900.5 + 206.9 3187.0土718.9 
Data are presented by mean 土 standard deviation of 10 replicates 
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the greatest among the groups. Therefore, it was no surprise that SMC would raise 
the hardness (Ca and Mg) of artificial leachate after mixing with refuse. 
3.2.5.8 Gaseous production 
Figure 3.29 and Table 3.8 show the gases generated in microcosms in l \ a months 
period. The large variation indicates the heterogeneity at the solid materials The 
amount of carbon dioxide increased as well as the decrease of oxygen content 
during the decomposition. The oxygen content in most tanks dropped below to 5%. 
Besides, the carbon dioxide content in all the sampled tanks was greater than the 
detection limited of the syringe gas detector (>20%). Therefore, the decomposition 
shifted from the aerobic to anaerobic. At the same time, methane gas was produced. 
The results indicate that the addition of SMC did not inhibit the production of 
methane. Besides methane, hydrogen sulphide gas was produced too. It was found 
the amount ofhydrogen sulphide produced in SMC was great. 
3.2.6 Phytotoxicity 
Landfill soil showed toxicity towards Lolium pererme, no effect on Brassica sp. and 
Axonopiis compressus, but stimulation effect on Cynodon dactylon (Figures 3.30 
and 3.31). Spent mushroom compost, on the other hand, did not show toxicity 
towards Brassica but to the other species. Only for grass L. perenne, the presence 
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Figure 3.29. Gaseous production in bioreactors at initial (A, left) and after 2ia 
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Figure 3.30. Phytotoxicity on different types of solid substrates. 
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Figure 3.31. Phytotoxicity of landfill soil( • )， s p e n t mushroom compost(國) 
landfill soil:SMC (w/w) = 1:1 ( s ); landfill soil:SMC (w/w)=5:1 ( » ) 
on (A) Brassica sp.; {B) Lolium perenne ； (C) Cynodon dactylon ； 
(D) Axonopus compressus in comparison to normal garden soil. 
Relative toxicity refers to ratio of difference in number of seedlings 
observed 'in treatment and in garden soil to the number of seedlings 
observed in normal garden soil. 
0, neutral effect; +, stimulation; -,toxicity 
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4. Disscussion 
4.1 .Characterization of spent mushroom compost 
When the chemical characteristics of the spent mushroom compost (Table 3.1) used in 
the study {Plenrotns pidmonariiis, oyster mushroom) is compared with those of 
Agariciis bispoms (button mushroom; the most popularly cultivated mushroom) (Table 
1.13), they show certain similarities. First, they both are neutral to slightly alkali. 
Furthermore, they consist of 20 percent of organic matter. However, the C:N ratio of 
the oyster mushroom SMC is lower than that ofbutton mushroom. This may be because 
the cultivation compost ofbutton mushroom consists of peat moss and chicken manure 
while that of oyster mushroom comprises straw in which lignin, a composition 
component of secondary cell wall, is present in flowering plants. For the macro-nutrients 
such as calcium and potassium, both types of compost contain a high value. The high 
content of calcium may be attributed to the addition of lime in the preparation of the 
compost. The macro-nutrients are important for the plant growth. They not only 
establish the osmotic potentials for the water uptake but also contribute to the structure 
and functions of proteins (Taiz and Zeiger, 1991). On the other hand, the phosphate 
content in oyster mushroom SMC is more than that of button mushroom SMC. This 
characteristics make oyster mushroom SMC more favorable to serve as a soil 
conditioner or fertilizer. For heavy metals, both types of mushroom SMC had nil to 
trace amounts. The chemical properties of spent mushroom compost is generally better 
than bark (an excellent growing medium) (Table 4.1) (Chong and Rinker, 1994) for 
orchids as spent mushroom compost has higher phosphate, potassium and calcium 
amounts. 
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Table 4.1.The physical and chemical properties ofbark (Chong and Rinker, 1994). 
Bark 
Physical Properties 
Bulk density (g cm'^) 0.16 
Total pore space 76 
Air pore space (%) 36 
Water pore space (%) 40 
Shrinkage (cm) 23 
Chemical Properties* 
pH* 6.6 
EC (dSM-i)* 0.4 
C (%) 28 
N (%) 0.4 















* Extracts of 1 part substrate : 2 parts water. 
# Except indicated, the concentration unit is mgyL. 
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4.2. The removal abiUty of pollutants by spent mushroom compost 
Pollutants in an environment can be removed by different means. They can be 
transformed, compartmented, mineralized, adsorbed by sorbents like activated carbon, 
degraded by the enzymatic system of organism (e. g. white rot fungi like Phanerochaete 
chrysosporiiim) or by physical and chemical methods such as light (photodegradation), 
TiO2 as oxidant (chemical oxidation) (Banks and Partkinson, 1992; Anagiotou et al., 
1993; Kang and Stevens, 1994). Furthermore, some of pollutants can be removed by 
simple dilution only. From the results obtained, the spent mushroom compost made use 
of different mechanisms to remove pollutants like metals, dyes, pentachlorophenol, 
ammonia, etc. They are discussed as below: 
4.2.1 Metals and dyes 
In the metal removal experiment, the measurement of removal capacities is based on the 
residual metal sorbent after treatment. The preliminary experiment verifies that this 
indirect assay method reflects the result; when 0.2000 g of the spent mushroom compost 
or fermented straw were incubated with 60 ppm cadmium solution overnight, both the 
solution and the sorbent were analysed by atomic absorption spectrophotometry. The 
sorbent was acid-digested before analysis. The result was shown in Table 4.2. 
Therefore, this sum of the metals contents in sorbent and supernatant equals to the initial 
cadmium amount added. 
4.2.1.1 Adsorption 
For metals and dyes, the spent mushroom compost as well as fermented straw and fruit 
bodies of Pleurotus pulmonarhis (oyster mushroom) make use of adsorption to uptake 
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Table 4.2. Amount of cadmium (A) before and (B) after treatment. 
(A) Before treatment 
Dye metal content / mg 
Solution 0.54士0.02 
Spent mushroom compost 0.00 士 0.00 
Fermented straw 0.00±0.00 
QB) After treatment 
Metal metal content / mg 
Solution (Spent mushroom compost) 0.265 士 0.005 
Spent mushroom compost 0.248 士 0.0155 
Total 0.513士0.0129 
Solution OFermented straw) 0.165 ±0.0087 
Fermented straw 0.277 土 0.0439 
Total I 0.442士0.0415 
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these pollutants on its surface. Adsorption is a surface phenomenon that is defined as the 
increase in concentration of a particular component at the surface or interface between 
two phases OFaust and Aly, 1987). Adsorption can be generally classified into physical 
adsorption and chemisorption. Actually, the physical adsorption only involves the weak 
chemical bond between the sorbate molecule and the surface, whereas chemisorption 
involves essentially the formation of a chemical bond between the sorbate molecule and 
the surface of the adsorbent OFaust and Aly, 1987). In most cases，the adsorption of 
metals from solution by a solid adsorbent (e.g. spent mushroom compost in my study) 
depends on physical adsorption rather than chemisorption ^"aust and Aly, 1987). Metal 
biosorption comprises binding of metal to the biomass by processes which do not 
involve metabolic energy or transport (Tobin et aL, 1994). It consists of several 
mechanisms that quantitatively and qualitatively differ according to the species, the 
origin of the biomass, and its processing. Metal uptake follows complex mechanisms 
mainly including ion exchange, chelation, adsorption by physical forces, and ion 
entrapment in inter- and intrafibrillar capillaries as well as spaces of structural 
polysaccharide network as a result of concentration and diffusion through cell walls and 
membranes (Volesky and Holan, 1995a). In this study, the metal flux of spent 
mushroom compost, fermented straw and fruit bodies of oyster mushroom were tested 
during the biosorption of cadmium. The amounts of potassium and calcium which were 
the major cations in SMC (Table 3.1) released into solution were determined after the 
incubation with cadmium. Figure 4.1 shows that there was a large amount of calcium 
leaked out from the spent mushroom compost (240 i^g) and fermented straw (> 440 i^g) 
into the solution as well as a significant amount of cadmium adsorbed onto the biomass. 
However, there was only a small amount of calcium leaked out from the mushroom 
121 
700 T 




印 ^ T» ro 
E r n 工 s. 丄 r ^ 
5 400 --c •0 S 1 2! 300 -- P^1 芒 « 
C V X 0 - ^ ^ r ^ , 1 200 --
. ::、 ： -
‘ ‘ 
1 0 0 - -
> - ' 
了 
T T ’ 
ik . T ^^ H^ ^^ H^ HHH ^H ^H ^H 0 "1 1 ^ “ ~ I ^ “ ~ I L—^m_I 
met3l Fermented Spent Mushroom 
solution straw mushroom 
compost 
• cadmium Dcalcium • potassium 
Figure 4.1. Calcium and potassium fluxes during the biosorption of 
cadmium. 
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(<70 ^ig). On the other hand, the amount of potassium leaked out from all three 
sorbents during the adsorption of cadmium was only in small value relative to that of 
calcium (37 fig in maximum among three sorbents). From the results, we can deduce 
that the adsorption mechanism of metals by spent mushroom compost and fermented 
straw is mainly by the ion exchange with calcium. 
However, SMC may also bind metals by the physical force with or chelation with the 
cell wall components. The cell wall components include the ion groups like glucuronic 
acid in linear (1-4) linked P-D-glucuronans, phosphate group, cis-oriented hydroxyl 
groups in a-D-mannan, -SH groups of various structural compounds such as glucan and 
chitin (Volesky and Holan 1995b). For dyes, the three dyes are reactive and may form 
covalent bonds with the sorbents. 
4.2.1.2 Adsorption specificity 
As mentioned before, the performance of adsorption is quantitatively and qualitatively 
different according to different metal species used and the type ofbiomass (Volesky and 
Holan 1995a). Actually, there was specificity of spent mushroom compost, fermented 
straw and fruit bodies of Pleiirotiis piiImomrhis (oyster mushroom) on the adsorption 
of azo dyes and the metals selected, 
a) Dyes 
Generally, the fruit bodies of Pleurotus pulmonarhis (oyster mushroom) performed the 
best on the adsorption of yellow and blue dyes. The performance of spent mushroom 
compost was similar to that of fermented straw, except for Congo red. For yellow dye, 
the fruit bodies of oyster mushroom can uptake more than 62 mg per gram ofbiomass 


























































































































































































































































































































acid, phosphate group, -SH group, glucan and chitin which can form complex or ligands 
with dyes. On the other hand, spent mushroom compost performed the best on the 
sorption of Congo red. 
b) Metals 
Generally, fermented straw performed the best on the adsorption of all metals selected 
(Table 4.3). On the other hand, the performance of spent mushroom compost was 
similar to that of mushroom whereas the former performed a little bit better. The 
difference on the performance of three sorbents between dyes and metals may be 
attributed to the different adsorption mechanism. As mentioned before, the adsorption 
of oyster mushroom may depend on the special components of cell wall whereas the 
adsorption by the fermented straw and spent mushroom compost was mainly by the ion 
exchange of calcium and other ion species of sorbents. In terms of magnitude, the three 
sorbents adsorbed more dyes than metals (Table 4.3). 
4.2.1.3 Adsorption isotherm 
The adsorption kinetics of dyes and metals were fitted to the Freundlich monolayer 
model which has the following assumptions (Volesky, 1990; Volesky and Holan, 1995): 
• The surface consists of adsorption sites 
• All adsorbed species interact only with a site and not with each other 
• Adsorption is limited to a monolayer 
• Adsorption energy of all sites is identical and independent of the presence of 
adsorbed species on neighboring sites 
For different dyes and metals, all three sorbents performed very differently and some of 
them could not described by the Freundlich equation (Table 3.3 and 3.4). For example, 
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all three sorbents fitted the model for the adsorption ofblue dye and lead; however, all 
three sorbents did not fit this monolayer isotherm model for Congo red and cadmium 
OFigures 3.4 and 3.8 and Tables 3.3 and 3.4). 
To answer this question, we should first understand the criteria ofbeing a good sorbent. 
They are listed as below (Volesky, 1990) 
1. The uptake and release of sorbate should be efficient and rapid. 
2. The sorbent should be produced at a low cost and should be reusable. 
3. The sorbent material should have desirable particle size, shape, and mechanical 
properties for use in continuous-flow (mixed, packed bed, or fluidized bed) system. 
For spent mushroom compost, results (Figures 3.1 -3.7B) showed that the uptake of 
dyes or metals finished within a very short time (<4 hours); the uptake of metal and dyes 
are very rapid. As a result, the adsorption was very efficient. As the desorption study 
have not performed, the speed of spent mushroom compost to release the sorbates was 
unknown. Furthermore, the adsorption ability on dyes and metals were quite good. For 
example, it could remove 1.7 mg cadmium metal per g of mass whereas the granular 
activated carbon (GAC) (a common and effective sorbent used in wastewater treatment) 
could 1.4 mg cadmium metal per g of mass (Wilkins and Yang, 1996). On the other 
hand, chrome sludge was found to remove 38.5 and 41.2 mg/L Basic blue and Reactive 
yellow respectively OLee, et cd., 1996). For spent mushroom compost, the removal 
capacity ofEvercion blue and yellow were 36.5 and 53 mofL respectively (Table 4.3). 
Lai and Wong (1997; data from Miss K. M. Lai’ s abstract for graduate seminar) found 
that the dye removal capacity of a Pseudomoncis strain was 8 mg of dye per g ofcells. In 
this study, SMC showed dye removal capacities (mg dye / g mass) of 18 or more for 
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three different dyes in this study. The performance of SMC is, therefore, comparable to 
other methods regardless of the different dyes used in their and the present studies. In 
recent years, interest in recycling and reutilization of organic waste by-products has 
increased rapidly. There are substantial environmental and economic benefits to be 
gained in the reuse of wastes (Chong and Rinker, 1994). Actually, spent mushroom 
compost is the waste after the mushroom harvest in the mushroom farming industry. 
Therefore, recycling can relieve the disposal problem ofbulky spent mushroom compost 
(Okeke et al, 1994). On the other hand, Table 1.12 shows the mushroom farming 
industry present in both developed and developing countries worldwide, thus making 
the source of spent mushroom compost unlimited. As a result, spent mushroom 
compost is undoubtedly a potential and attractive adsorbent for pollutant. 
4.2.2 Pentachlorophenol 
Actually, spent mushroom compost made use of an integrated approach to treat or 
remove pollutants. It not only can adsorb the pollutants (e.g. dyes and metals), but also 
can utilize microbes accommodated on compost to assist the removal of pollutants 
(Semple and Fermor, 1995). 
The spent mushroom compost could removed about 80 % PCP after 7 days of 
incubation and even reached more than 90 % PCP for longer incubation (21 days) 
OFigure 3.17). Such removal was achieved by adsorption as well as the active 
degradation by the living biomass on the compost. The living biomass contributed about 
60% and 80% ofPCP disappearance for 7 and 21 days respectively (Figure 3.17). SMC 
microbes capable of breakdowning pesticides were identified to be bacteria (including 
actinomycetes) and fungi (Kuo and Regan, 1992). Semple and Fermor in 1995 reported 
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that the actinomycetes found on the spent mushroom compost could degrade PCP. In 
the laboratory situation, organic pollutants are often biodegraded by microorganisms 
with high efficiency. However, PCP in nature is recalcitrant to microbial attack because 
of the toxicity of the compound, insufficient populations of PCP-degrading micro-
organisms, or certain environmental chemicals (e.g. low available carbon and nitrogen 
levels) or physical conditions (e.g. temperature, pH, salinity) inhibiting the indigenous 
degradation processes (Valo et al, 1985). Spent mushroom compost presents itself as a 
potential bioremediating agent for PCP-contaminated soil as it is not only nutrient rich 
(Tables 1.13 and 3.1), but also harbors a diversity of micro-organisms (Semple and 
Fermor, 1995). On the other hand, Ball and Jackson in 1995 recovered a range of 
lignocellulose-degrading enzymes like xylan-degrading enzymes, cellulose-degrading 
enzymes, lignin-degrading enzymes from spent mushroom compost (Ball and Jackson, 
1995). These enzymes in spent mushroom compost may be involved in degradation of 
PCPOVlcAllisteri?/^/., 1996). 
Li 1993, Okeke and colleagues used spent sawdust culture of “ Shiitake" mushroom 
{Lentimila edodes) to remove PCP on soil (Okeke et cd., 1993). The results obtained 
showed a better removal using oyster mushroom SMC fFigure 3.17). The compost of 
Shiitake removed about 6 mg PCP per g of compost (Okeke et aL, 1993), whereas the 
SMC of oyster mushroom removed 16 mg PCP per g of compost. 
The isolated micro-organisms from the spent mushroom compost (one bacterium 
identified to be Celhdomoms and one fungus identified to be Trichodemid) in present 
study only showed tolerance to the pesticide with the fungus also showing adsorption 
^Figure 3.20). The failure to isolate a key micro-organism to biodegrade PCP may be 
due to the following reasons: 
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a) PCP is broken down by collaborative efforts of multiple micro-organisms, each of 
which is inhibited by the breakdown products ofPCP. Therefore, when a pure culture is 
used as in the present test, no PCP breakdown is observed; 
b) the micro-organism which breakdowns PCP and uses it as major nutrient source may 
not compete well and be succeeded by another micro-organism which tolerates high 
concentration of PCP. When PCP drops its concentration, the later proliferates better 
and therefore, becomes the dominant species. 
Further isolation and selection ofPCP-degrading micro-organisms can be continued to 
find potent ones, and further investigation is needed to examine the fate of the 
breakdown pathways of PCP in this system. The isolated bacterium Celhilomonas is 
commonly found in soil as well as cellulose substrates and secretes cellulase with 
potential industrial application. The isolated fungus is a common weed fungus in 
mushroom compost (Gregon etal, 1997), and is the celluIase producer in industry. This 
fiingus also actively produces chitinase digesting the mushroom cell wall and therefore, 
is a weed fungus for mushroom industry (Gregon et al., 1997). 
4.3 Decomposition of refuse 
The stimulation of refuse decomposition was also observed when lime stabilized sludge 
was used as soil cover (Rhew and Barlaz, 1995). This material and the SMC also 
showed the increase in contents of metals leached QRJiew and Barlaz, 1995 and Table 
3.8). From the results OFigures 3.24 and 3.25), it was found that the decomposition rate 
of pure refuse was very slow. The releases of ammonia, orthophosphate into the 
artificial leachate were very little. However, after the addition of the spent mushroom 
compost, the contents of ammonia and orthophosphate in artificial leachate had a 
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significantly increase. This reflects the stimulation on decomposition rate of refuse by the 
spent mushroom compost. The parameter turbidity also confirms the conclusion (Figure 
3.23). 
Actually, the characteristics of leaching out organic carbon, ammonia and 
orthophosphate will increase the pollution load of wastewater. However, the leaching 
process stabilized the quality of artificial leachate within two months (the increase of 
ammonia and orthophosphate leveled off; Figures 3.24C and 3.25C). Both the high 
organic load and orthophosphate contents serving as nutrients can be removed by the 
aerobic and anaerobic digestion system after the air stripping process in a conventional 
landfill leachate treatment (Environmental Protection Department, personal 
communication). 
Microbial activities contribute to the gases composition in the microcosms (Conrad, 
1996). The spent mushroom compost usually generates high contents of sulfur 
compounds as comparable to the domestic refuse used in this study (Table 3.8; Derikx 
et cd., 1990). The depletion of oxygen indicates the change from aerobic condition to 
anaerobic condition in the microcosm (Table 3.8)，imitating the situation of a landfill 
site. The increase in carbon dioxide (Table 3.8) reflects the complete decomposition of 
organic matter. In terms of methane gas generation, SMC did not show any adverse 
effect (Table 3.8). 
Therefore, the addition of the spent mushroom compost although not beneficial for 
short term, it is good in the refuse decomposition with the following reasons: 
a) The spent mushroom compost can increase the population size of lignocellulose-
degrading microbes, and in Hong Kong, construction materials are the major solid waste 
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beside the domestic solid waste dumped in a landfill ^Environmental Protection 
Department, 1995). 
b) It stabilizes the quality ofleachate and makes it mature in a shorter period of time. As 
discussed in Chapter 1，section 2.2), the chemical composition of landfill leachate is 
highly variable, thus makes a standard process for treatment unrealistic. 
c) It provides nutrients for indigenous microbes in artificial leachate to carry out 
degradation. 
d) It did not inhibit the production of biogas. Experiences from many countries show 
that landfill gas can be successfully used to replace other energy sources (Genedebien et 
aL, 1992). In Hong Kong, the biogas generated can be utilized to generate electricity for 
the leachate treatment plant ^Environmental Protection Department, personal 
communication). 
e) It enhanced the rate of decomposition. Thus a closed landfill site can be reclaimed for 
other purposes at a shorter period of time. 
The present setup, of course, is not a simulation model of a real landfill site which 
usually has complex lining system and layering format (Christensen et cd., 1992 and 
Qasim and Chiang, 1994). Due to the technical and time constraints, a 2-month period 
and only one type of refuse : SMC mixture were examined. Further investigation can be 
developed in the direction of constructing a proportional microcosm setup as a real 
landfill site and monitoring the changes in gaseous composition, solid waste composition 
and leachate quality along a longer period of time. 
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The major problem in using SMC as an additive to a setup for solid waste treatment 
seems to be the increase in ammonia content in the leachate generated. However, SMC 
can be used to remove ammonia. 
4.4 Removal of ammonia in landfill leachate 
The study of removal of ammonia by spent mushroom compost further confirmed the 
contribution of spent mushroom compost microorganisms on the removal of pollutants. 
From the results OFigures 3.9，3.10 and 3.11; Table 3.5), it is found that the 
microorganisms of compost are able to assimilate the ammonium as a nitrogen source. 
The spent mushroom compost could remove about 40 % ammonia in raw landfill 
leachate. The performance of spent mushroom compost is quite good. In the actual 
landfill site, the high ammonia content in landfill leachate is removed by the ammonia 
stripping with the addition of lime ^Environmental Protection Department, personal 
communication). Cheung and colleagues in 1995 tested the effectiveness of ammonia 
stripping on the ammonia removal. The removal of ammonia by free stripping (i.e. zero 
air flow rate) from Gin Drinkers' Bay and Junk Bay landfill were 75 and 65% 
respectively (Cheung et al, 1995). Although the removal efficiency of ammonia 
stripping is higher than that of SMC, the significantly higher cost of ammonia stripping 
(due to complex process, cost of chemicals and reconditioning of the ammonium sulfate 
solution to a fertilizer product) than biological treatment still make it less attractive 
(Siegrist, 1996). Generally, the landfill leachate was toxic attributing to the high 
ammonia content and organic compound (such as volatile fatty acids) (Cheung et al., 
1993; Schneider, 1996). Using the spent mushroom compost is a possible solution to 
treat landfill leachate. However, the system has certain limitations. The removal was 
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efficient only when a readily available carbon source (e.g. glucose) was provided 
CFigures 3.9 C, 3.10 - 3.12). As the addition of glucose will increase the cost of 
treatment, another cheap carbon source is sought. In the present study, 7 % sugar cane 
waste extract was used as a substitute of glucose and its performance on the ammonia 
removal was tested. Generally, the performance of sugar cane waste extract was 
comparable to that of glucose ^'igure 3.12). As sugar cane waste is a solid waste in 
nature, its low cost can benefit the treatment process. For further investigation, the 
parameters like pH, temperature, contact time, percentage of sugar cane waste extract, 
should be optimized to attain the highest removal efficiency. 
4.5 Phytotoxicity 
SMC by itself could not be a good living medium for plants because of the soft texture 
and degradable nature. Besides, it does not provide a good substratum for plant roots to 
anchor. As the SMC has been reported to have practical application in horticulture 
(Chong and Rinker, 1994; Mather, 1994; Landschoot and NcNitt, 1994), it was 
surprised to find that the spent mushroom compost: landfill soil mixture inhibited the 
germination and growth of three plant species in the present study. This may be due to: 
a) the different type of the SMC used in this study. All the other reports are using the 
SMC of Agaricus bisponis; 
b) the SMC was used as a soil conditioner and at a small proportion to the garden soil 
(Chong and Rlnker, 1994); 
c) the different sensitivities of plant species used as exemplified by Figure 3.31; 
d) the high salt content of the spent mushroom compost inhibited plant growth. Figure 
3.22 shows that the salt content was very high (ranged from 2 to 5.5 g /lOOg) in the 
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leachate of spent mushroom compost. Chong et al (1991a, b) observed the decrease in 
growth or tree loss due to high salt levels in the SMC under conditions providing little 
or no leaching. 
Also, landfill soil did not show toxicity to three plant species tested OFigure 3.31). This 
may be because a) the landfill soil after collection was air-dried, and therefore, the 
inhibitory gases such as methane and ammonia (Christensen et al., 1996)，were driven 
away; b) the landfill soil used was about ten years old and most organic compounds 
have been degraded; c) two plant species Axonopiis compressus and Cytondon dactylon 
which are common landfill grasses used in reclamation of a landfill site were tested. 
Therefore, they were more tolerant or adapted to using landfill soil as a living medium. 




Jn present study, the feasibility of using the spent mushroom compost of oyster 
mushroom as an bioremediating agent was determined. After different types of tests, it 
was found that: 
1. The spent mushroom compost (SMC) of oyster mushroom contains 20% organic 
matter, high contents of macro-nutrients such as phosphate, potassium and calcium, 
and trace amounts of heavy metals. This characteristics seems to favour SMC as a 
fertilizer. 
2. The spent mushroom compost as well as fermented straw and fruit bodies of 
Pleiirotiis pttlmofiarhis (oyster mushroom) show the adsorption abilities towards 
azo dyes and metals. The results obtained show that there is specificity towards 
sorbates. 
3. Not all the adsorption kinetics of the spent mushroom compost, fermented straw and 
fruit bodies of oyster mushroom on azo dyes and metals can be described by the 
Freundlich monolayer model. 
4. The spent mushroom compost with comparable removal capacities as commercial or 
known sorbents shows its potential in application of removal of pollutants by 
adsorption especially with its low cost and abundant in nature. 
5. The spent mushroom compost made use of an integrated approach to treat or remove 
pollutants, e.g. ammonia and pesticides. 
6. The spent mushroom compost could remove 70% PCP within a week achieved by 
adsorption as well as the active degradation by the living biomass on compost. 
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7. SMC micro-organisms are able to assimilate the ammonium as nitrogen source. It can 
remove about 40 % ammonia in raw landfill leachate. 
8. The removal of ammonia by spent mushroom compost is efficient only when a readily 
available carbon source (e.g. glucose) was produced in the system. 
9. The presence of the spent mushroom compost in refuse stimulated the production of 
ammonia, phosphate, leaching of metals in the artificial leachate. This implies that the 
spent mushroom compost enhances the decomposition rate of refuse. Furthermore, 
the addition of the spent mushroom compost did not inhibit the production ofbiogas. 
10. The spent mushroom compost and its mixture with landfill soil inhibited the 
germination and growth of three plant species in the present study. The use of the 
spent mushroom compost as a direct soil cover in a landfill site is not recommended. 
In general, with the limited tests, the spent mushroom compost showed promising 
results in removal of diverse pollutants. Although further investigations are needed in 
real situations for waste treatment, the spent mushroom compost shows its potential in 
bioremediation for protecting our environment. 
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7.2 Preparation of reagents for determination of ammonia content 
Use deionized water for the preparation of all solution. 
7.2.1. Stock standard 100.0 mgyL as NH3 in deionized water 
Dissolve 0.3819 g of ammonium chloride in a 1 L volumetric flask. 
7.2.2. Working standards 
Add 50.00, 20.00, 10.00，5.00, 1.25, 0.50 and 0.25 ml of stock standard in 
250 ml volumetric flasks to get 20.00, 8.00，4.00，2.00, 1.00, 0.50, 0.20 and 
0.10 mg N/L working standards. Prepare the working standards fresh each 
time. 
7.2.3 Potassium chloride and standard diluent 
Dissolve 150.2 g of potassium chloride in a 1 L volumetric flask. 
7.2.4. EDTA solution 
Dissolve 66.0 g of ethylenediamine tetraacetic acid disodium salt dihydrate in 
a 1 L volumetric flask. Adjust the pH to 7.0 with sodium hydroxide pellets. 
7.2.5 Buffer 
Dissolve 28.0 g of sodium hydroxide and 50.0 g of sodium phosphate dibasic 
heptahydrate in a 1 L volumetric flask. 
7.2.6 Salicylate- nitroprusside color reagent recipe 
Dissolve 150.0 g of sodium salicylate and 1.0 g of sodium nitroprusside in a 
1 L volumetric flasks. Store in a brown bottle. Prepare freshly each time. 
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7.2.7 Hypochlorite reagent 
Dilute 60.0 ml of Regular Clorox Bleach (5.25% sodium hypochlorite. The 







7.3 Preparation of reagents for determination of orthophosphate content 
Use deionized water for the preparation of all solution. 
7.3.1 Stock standard 100.0 mg VfL 
Dissolve 0.439 g primary standard grade anhydrous potassium dihydrogen 
phosphate in a 1 L volumetric flask. 
7.3.2 Working stock standard solution 10,0 mg VfL 
Dilute 100.0 ml of stock standard to 1 L in a volumetric flask. Add 50.0，12.5, 
5.0, 1.25, 0.25 ml of working stock standard solution in 250 ml volumetric 
flasks to get 2.0, 0.5, 0.2, 0.05 and 0.01 mg P/L working standard. 
7.3.3 Stock ammonium molybdate solution 
Dissolve 40.0 g ammonium molybdate tetrahydrate in a 1 L volumetric flask. 
Stir for four hours. Store in plastic bottle and refrigerate. 
7.3.4 Stock antimony potassium tartrate solution 
Dissolve 3.0 g antimony potassium tetrahydrate in a 1 L volumetric flask. 
Store in a dark bottle and refrigerate. 
^ 
7.3.5 Molybdate colour reagent 
Add 500 ml of water in a 1 L volumetric flask first. Then add 35.0 ml of 
concentrated sulfuric acid. After mixing, add 72 ml of stock antimony 
potassium tartrate solution and 213.0 ml of ammonium molybdate solution. 
Dilute to the mark and inverted three times. 
7.3.6. Ascorbic acid reducing solution 
Dissolve 60.0 g of ascorbic acid in a 1 L volumeric flask and then add 1.0 g 
dodecyl sulfate. Prepare fresh each time. 
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7.3.7 Sodium hydroxide-EDTA rinse 
Disslove 65.0 g of sodium hydroxide and 6.0 g of tetrasodium 
ethylenediamine tetraacetic acid in a 1 L volumetric flask. 
s 
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